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deuteron and other two-particle 
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In much of the current discussion on the effects of technological 
progress this progress is presented to us as if it were something outside 
us which could compel us to use the new knowledge in a particular 


way. 


While it is true, of course, that inventions have given us 


tremendous power, it is absurd to suggest that we must use this 


power to destroy our most precious inheritance: 


liberty. It does 


mean, however, that if we want to preserve it, we must guard it 
more jealously than ever and that we must be prepared to make 


sacrifices for it. 


While there is nothing in modern technological 


developments which forces us toward comprehensive economic 
planning, there is a great deal in them which makes infinitely more 
dangerous the power a planning authority would possess. 


—Friedrich A. Hayek, 


“The Road to Serfdom,”’ p. 82, 


(University of Chicago Press, Chicago, Ill., 1944) 
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Taking up the gauntlet in today’s need for radia- 


tion measurement—quality instrumentation and 


unusually fine components 


answers to the measuring 
problems of nuclear physics 


Model 247A Portable Gamma Radiation Survey Meter 

Model 263A Portable Beta and Gamma Radiation Sur- 
vey Meter 

Model 287 Minometer with calibrated 0.2 r pocket 
chambers 


Model 300 Proteximeter direct Pit integrating 
meter for scattered radio 


Scaling circuits and rate meters 


GM counter tubes, mica and gloss window types 
Standard, miniature and subminiature models. 


Subminiature electrometer vacuum tubes especially de- 
signed for radiation instruments. 

Hi-megohm precision resistors. 

X-ray measuring instruments to cover all phases of 
therapy and personnel 

Development and production facilities for special 
scientific instruments. 


20 


Complete informa- ‘ leadership 


tion on any item yours for the asking. 
years 


listed above, 


THE VICTOREEN INSTRUMENT CO. 
5806 HOUGH AVE., CLEVELAND 3, OHIO 
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NUCLEONICS AN INTERNATIONAL JOURNAL 


FOR TECHNIQUES AND APPLICATIONS OF NUCLEAR SCIENCE 





Nucleonics —An International Journal 


THE NEW MASTHEAD of the first 1948 number of Nucieonics for- 
mally dedicates it as an international journal for techniques and 
applications of nuclear science. This enlargement of function fol- 
lows naturally from the international character of nucleonic research 
and development. 

As we survey the status of nuclear science and technology at the 
beginning of 1948, we see that only a relatively small fraction of 
activity in this vast field is still conducted in secrecy. Important 
nuclear research is being published in growing volume by laboratories 
in Canada, England, France, Scandinavia, Italy, India, Russia, and 
all other civilized countries. 

Parallel to these developments is the mounting international circu- 
lation of Nuc.teontcs, and the world-wide publishing and informa- 
tion-gathering facilities of the MeGraw-Hill Publishing Company, 
and its subsidiary, the McGraw-Hill International Corporation. 
Scientists outside the United States will soon be invited to form a 
board supplementary to the present NucLeonics Editorial Board. 

NUCLEONICs will now serve as an international clearing house for 
developments in nuclear science and technology. Scientific workers 
in every nation are invited to use this journal as a disinterested, 
unifying outlet for periodic reviews, summaries of current research, 
and original research of parallel significance for a number of border- 
line fields within nucleonics. Although authors are encouraged to 
submit papers in English, contributions written in French or German 
will be translated and published, accompanied by a summary in the 
author’s language. 

The need for a journal serving these functions is felt most strongly 
by all investigators whose work suffered from the disintegration of 
the international scientific community during the recent war. In- 
calculable amounts of research time and research money were wasted 
through loss of international cross-fertilization, open competition, 
and wide independent check. 

The time has now arrived when everyone engaged in advancing 
nuclear science and its peaceful applications can contribute to the 
resumption of the historic international cooperation which brought 
nucleonics from birth to its present maturity. 


—W.M.D. 








INTRODUCTION TO MESON THEORY 


The analogy between the meson and its interaction with 
nucleons, and the photon and its interaction with charged 


particles is used in this analysis of meson theory. 


Properties 


(mass, electric and mesic charge, spin, statistics) of the meson 
and the known characteristics of nuclear forces are discussed 


By H. PRIMAKOFF 


Washingto 


A DETAILED DISCUSSION of the numerous 
theories which have been proposed, and 
which all go under the name of meson 
theory is beyond the scope of this brief 
An at- 
tempt will be made, however, to de- 
scribe some of the characteristic features 
of the of these 
The impression may result, 


and non-mathematical review. 


and some successes 
theories. 
as a consequence, that these theories are 
more satisfactory than they have 
actually proven to be. However, in a 
broad survey of the field, it is better to 
err on the side of optimism and to 
emphasize the expectations of the 
theories rather than their achievements. 

In the present discussion, stress will 
be placed on the analogy between the 
meson and its interaction with protons 
and neutrons on the one hand, and the 
photon and its interaction with elec- 
trically charged particles on the other. 
This analogy has not only been of great 
historical importance in the develop- 
ment of the meson theory, but is also 
essential to understanding the present 
status of the theory. 

The meson, as is now generally 
known, is a radioactively unstable 
particle, found in the cosmic radiation. 
It has a mass intermediate between that 





* Based on lectures given at Brookhaven 
National Laboratory, in August, 1947 


o 
- 


"niversity, St. Louis, Missouri 


of the proton and electron and has 
both signs of electric charge. The 
meson theory attempts to correlate 


the properties of this particle with the 
properties of the nuclear forces between 
protons and neutrons, in the same sens¢ 
that the electromagnetic theory at- 
tempts to correlate the properties of 
photons (or their associated light 
waves) with the properties of the elec- 
tromagnetic forces between electricall, 
c orged particles. The meson is to be 
thought of as being analogous to the 
photon; the proton and neutron, both 
of which will be called “nucleon,” may 
be thought of as being analogous to any 
electrically charged particle, such as 
the electron. The problem is, then, to 
compare the properties of the meson 
with the photon, and the interaction 
of mesons with nucleons with the inter- 
action of photons with electrons. 


Constant ‘‘c"’ in Double Role 

In the original formulation of electro- 
magnetic theory by Maxwell, the funda- 
mental fact was discovered that the 
same constant, c, plays the role of the 
propagation velocity of light (i.e., pho- 
ton velocity) and is used in determining 
the magnetic force between two moving 
charged particles. This double role of 
the constant c represents in a schematic 
sort of way the great achievement of 
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electromagnetic theory—the correlation 
of the properties of electromagnetic 
radiation (photons) with the forces 
hetween charged particles which can 
emit and absorb the photons. 

In the same way, the meson theory 
ittempts to establish a correlation be- 
tween the properties of the meson (e.g. 
ts mass, velocity, etc.) and the proper- 
ties of the nuclear forces between the 
nucleons which are capable of emitting 
ind absorbing mesons. Here again, 
‘ertain constants may be sought which 
correlate specific properties of the meson 
vith properties of the nuclear forces and 
thus play a role analogous to that of the 
constant ec in the’ electromagnetic 
theory. On the whole, the search for 
such correlation has not proved quanti- 
tatively successful although a definite 
onnection probably exists between the 
mass of the meson and the range of the 


nuclear forces (see below 


Analogy Very Close 

The analogy between the meson- 
nucleon interaction on the one hand, 
ind the photon-electron (or other 
electrically charged particle) interac- 
tion on the other, is perhaps even closer 
than the previous remarks would indi- 
cate. Consider for example the ordi- 
nary repulsive force that one electron 
exerts on another. It is known from 
classical electrodynamics that this force 
is given by the electrostatic inverse 
square law, with magnetic and retarda- 
tion corrections. In terms of the quan- 
tum theory, the presence of this force 
between two electrically charged parti- 
cles can be understood in the following 
way. One can think of the first elec- 
tron as emitting a photon which the 
second electron absorbs, an interaction 
between the two being thereby estab- 
lished. This “virtual”? emission and 
absorption, or ‘virtual’ exchange, of 
photons is a verbal description of a 
possible mathematical representation 
of the force between the two charged 
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particles, and is not to be thought of in 
the same way as the real emission of a 
photon, in which the photon travels 
away, and is not immediately absorbed 
by any other particle 

Such a description of the forces be- 
tween particles, in terms of the virtual 
emissions and absorptions of other par- 
ticles, establishes, from the point of 
view of quantum theory, a relation be- 
tween the properties of the emitted 
particle (the photon) and the properties 
of the emitting particle (the electron 
An example of such a relation is the 
previously mentioned dependence of 
the force between two electrons on, 
among other things, the velocity of the 
photon. In an analogous way, if the 
force between a proton and a neutron 
is pictured as due to the virtual ex- 
change of mesons between them, the 
properties of the meson can be explicitly 
related to the properties of the proton- 
neutron interaction. The complete 
elucidation of this relation is the general 
aim of the meson theory 


Photon Emission, Absorption 

Before the meson theory proper is 
dealt with, further inquiry will be made 
into the distinction between the virtual 
emission and absorption of photons 
(mesons) and the real emission and 
absorption of photons (mesons). An 
example of the difference between the 
two are the familiar processes which 
occur in the target of an ordinary 
X-ray machine. In such a target, 
there occur collisions between the high- 
speed incident electrons, and the elec- 
trically charged target nuclei or their 
orbital electrons. These collisions are, 
in general, characterized first by a 
deflection of the incident electron from 
its original path caused by the elec- 
trostatic force arising from the virtual 
exchange of photons between the elec- 
tron and the nucleus, and second by the 
real emission of an X-ray photon. If 
only the first process occurs, conserva- 
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tion of energy and momentum between 
the two particles, electron and nucleus, 
is maintained; on the other hand, if the 
second process also occurs, the final 
energy and momentum of the electron 
and nucleus are smaller than their initial 
and 
the 
This conservation or 


values, the difference in energy 
momentum being transferred to 
emitted photon. 
lack of 


momentum 


conservation of energy and 
in the interaction of two 
electrons (nucleons), is the true criterion 
distinguishing virtual from real photon 
meson) emission 

The photon-meson, electron-nucleon 
analogy will now be developed further. 
Since a photon may be emitted in the 
collision of two electrons, we suppose 
that a meson may be emitted in the 
collision of a cosmic ray primary proton 
with a nucleon in a nucleus of one of 
the atoms in the upper atmosphere. 
We further suppose that a meson may 
be virtually emitted by one nucleon 
and virtually absorbed by another with 
a resultant nuclear force between them. 
As already mentioned, both the real 
virtual 
may be formulated in the same manner 


and emission (or absorption 
mathematically so that a definite cor- 
relation between the 
erties of the meson and the properties 
of the 
sideration of the properties of the meson 


will exist prop- 


nuclear forces. From a con- 
as discovered in the cosmic rays then, 
an attempt may be made to deduce 
the basic characteristics of the nuclear 
forces. 


Electric Charge 
From data obtained in cosmic ray 
experiments, it is known that mesons 
with electric charges of both 
signs. This follows from the fact that 
in cloud chamber photographs taken 


exist 


in a magnetic field, meson tracks curv- 
ing in both directions have been ob- 
tained. From the comparison of the 
density of ionization along fast meson 
and fast proton tracks, it can be shown 
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that the magnitude of the electric chargé 
of the meson is not too different from the 
charge of the electron or proton. The 
ionization density along the track of 
a particle is essentially determined by 
two factors: (a) the force which the 
particle exerts on the orbital atomic 
electrons of the gas filling the chamber, 
and (b) the time which the particle 
spends in the neighborhood of any such 
electron, i.e., the velocity of the par- 
ticle. Now, fast cosmic ray particles 
all travel at practically the velocity 
of light, so that if they all have the 
same charge, the force they exert on 
the atomic electrons, and so the ioniza- 
tion they produce, should be the same 
Within rather wide limits of error, this 
is indeed observed 

There are also presumed to be elec- 
trically neutral mesons. This is pos- 
tulated largely on theoretical grounds, 
because neutral mesons are required to 
explain certain characteristics of the 
nuclear forces (see below); in addition, 
independent evidence for the existence 
of neutral mesons is adduced from the 
experimental finding that some cosmic 
rays through ex- 
tremely large masses of material 


always penetrate 


Rest Mass 
Another important property of the 
meson is its rest mass. This (rest) 


mass is, according to the most recent 
measurements, some 200 times the 
mass of an electron and is obtained as 
follows: The curvature of the track of a 
charged particle, as seen in a cloud 
chamber placed in a magnetic field, is 
a measure of the momentum of the 
particle. Therefore, if the momentum 
of the particle is obtained from such a 
curvature determination, and if its 
velocity is simultaneously obtained, 
the mass can be calculated. The veloc- 
ity is measured by inserting a number of 
thin lead plates in a cloud chamber 
located below the one in the magnetic 
field. If the particle stops in a given 
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one of these plates, an upper and 
lower limit on its range in lead is 
known. It will also be recalled that 
the amount of ionization a particle 
creates, which determines its range, 
depends only on the electric charge of 
the particle and on its velocity. Thus, 
if one measures the range of the par- 
ticle, it is possible to find its velocity. 
Therefore, a study of the number of 
lead plates a meson of given curvature 
can penetrate, gives both its velocity 
ind its momentum. 

The rest mass of the meson can then 


nD 


calculated from the relativistic 


formula, 
momentum 
rest mass = 


velocity / 


| (==eetr)' " 
5 c ; 


where c is the velocity of light. It is 
essentially in this way that the value 
quoted above is obtained. Recently, 
however, experimental evidence has 
been uncovered for the existence of 
several different values of the meson 
mass so that several types of mesons, 
probably genetically related, may exist, 


Spin 

\ third property of the meson is its 
spin angular momentum and associated 
magnetic moment. The spin of the 
meson can be deduced from experi- 
ments which involve the interaction of 
electrically charged mesons with the 
electromagnetic field. Essentially 
studied is the probability that a very 
energetic meson, as a result of collision 
with a nucleon, will transfer a given 
share of its energy to a photon emitted 
in the process. This probability not 
only depends on the charge of the 
meson but on its spin as well, since the 
latter determines the meson’s magnetic 
moment and also the general form of its 
quantum equation of motion. A care- 
ful analysis of the experimental results 
seems to favor a spin of zero. As a 
consequence, the meson obeys Einstein- 


NUCLEONICS - January, 1948 


Bose statistics so that, in contradis- 
tinction to electrons and nucleons, an 
arbitrary number of mesons can occupy 
a given meson state at a given time 
Further, the assignment of zero spin to 
the meson can be shown to imply that 
the space-time behavior of a collection 
of mesons may be completely described 
by a single probability amplitude, which 
is either completely invariant under 
arbitrary transformations in space-time 
scalar), or which is invariant apart 
from a change of sign when a reflection 
of coordinates in space-time about the 
origin (x —> — 2, ete.) is performed 


pseudo-scalar). * 


This last ambiguity 
may be removed by a consideration of 
the properties of the nuclear forces 
see below). 


Interaction Strength 

We now come to the final, and cur- 
rently the most embarrassing, property 
of the meson—the strength of its 
interaction with the nucleons which 
may emit or absorb it. The electro- 
magnetic analogy is as follows: suppose 
the possibility of the emission of a 
photon in an electron-nucleus collision 
is being considered. If confidence 
exists in the quantum electromagnetic 
theory of photon emission in such col- 
lisions, and if the number of photons 
emitted under specified conditions is 
measured, the magnitude of the electric 
charge of the electron, e, can be calcu- 
lated, i.e., the parameter which deter- 
mines the strength of the electron- 
photon interaction and so the probability 
of photon emission can be found. 

In the same way, using the rather 
questionable value of the mean free 
path for meson creation in nucleon- 
nucleon collisions in the upper atmos- 
phere, and any one of the very dubious 
theoretical expressions for the proba- 





*The meson probability distribution in 
space-time is given by the square of the corre- 
sponding probability amplitude and so is com- 
pletely invariant even in the pseudo-scalar case 
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bility of such creation, one can calculate, 
or better, very roughly estimate, the 
magnitude of the “mesic charge” of 
this type of estimate 
The g so determined 
the 
consequently 


the nucleon, g; 
yields g ~ Se. 
the strength of 
interaction 


gives nucleon- 


meson and 


the probability that a nucleon will 
emit a meson when it collides with an- 
other nucleon, 

The value of the (electric 


an electron, e, deduced by the procedure 


charge of 


described above (or, of course, in 
other ways) can also be used to caleu- 
late the probability of photoelectric 


absorption of a photon in passing 
through an atom, i.e., the probability 
of a process essentially inverse to the 
photon the 
same g which determines probability 
meson in nucleon- 


emission. Analogously, 
of emission of a 
nucleon collisions should also determine 
the probability of its absorption by 
nuclei in passing through matter. In 
the electromagnetic theory, the same « 
accounts nicely both for the probability 
of emission, and for the probability of 
absorption. In the case of the inter- 
action between mesons and nucleons, 
however, recent experiments indicate 
that mesons are absorbed much 
frequently, at least by the light nuclei, 
than would be expected from the value 
of g deduced from the probability of 
their emission. This is a situation 
completely without parallel in the 
electromagnetic analogy and one which 
can be resolved within the conceptual 
bounds of present-day meson theory 
only by further complicating assump- 
tions, e.g. postulation of the existence 
of at least two kinds of genetically 
related mesons (with different masses), 
one interacting strongly with nucleons 
and one weakly, ete. 

Now that the properties of the 
meson as deduced from cosmic ray data 
have been summarized, the extent that 
these properties can be used in con- 
with the general quantum 


less 


junction 
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mechanical formalism to predict the 
properties of the forces between nu- 
cleons must be examined. It will be 
recalled that the meson’s mass, electric 
and mesic 


could be, 


charge, spin, statistics, 
charge 
approximately estimated from existing 
On the other hand, an ambiguity 
the 


pseudo-sealar nature of the transforma- 


were, or at least 
data. 
remained concerning scalar or 
tion properties of the meson field. Ii 
the probability amplitude of the meson 
field then be shown 


(see below) that there is no correlation 


is scalar, it can 
between the spin of the nucleon that 
emits the meson and the motion of any 
subsequently emitted meson. In the 
pseudo-scalar case, however, there is a 
definite correlation the 
of the nucleon and the gradient of the 
of the field, and 
correlation between 


between spin 


amplitude meson 
consequently, a 
the spin of the nucleon and the motion 
of any meson which it may emit. 


Two Types of Interactions 

To resolve the ambiguity of the 
scalar or pseudo-scalar nature of the 
meson field and establish the absence 
or presence, respectively, of a correla- 
tion between nucleon spin and meson 
motion, it becomes necessary to examine 
in detail the possible interactions be- 
tween the nucleons and the probability 
amplitude of the meson field ¢. There 
are two types of interactions to be 
considered (excluding those explicitly 
involving the ratio of the velocity of 
the nucleon to the velocity of light 
which may be neglected). First, there 
may be an interaction of the type g¢, 
where g is the mesic charge of one of 
the interacting nucleons and @¢ is 
evaluated at the position of this nu- 
cleon. Second, there may be an inter- 
action of the type gls-grad , where s 
is the spin angular momentum of the 
nucleon and the constant / (with 
dimensions of length) is the Compton 
wavelength of the meson = h/yuc (2rh 
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is Planck’s quantum constant, c is the 
velocity of light and uw is the meson 
mass). 

These expressions for the interaction 
energy are, of course, physical quantities 
und so must be invariant under all 
transformations of coordinates. In par- 
ticular, we may consider how these 
interaction energies are affected by a 
reflection of coordinates about the 
origin, when the meson field is scalar 
or pseudo-scalar, respectively. For the 
first interaction, namely g@, it is obvious 
that when ¢ is a scalar function of the 
coordinates, g@ is unaffected by reflec- 
tion and consequently remains in- 
variant. On the other hand, if ¢ is ¢ 
pseudo-sealar function which changes 
sign upon reflection, the expression g@ 
is not suitable for the description of the 
nteraction energy. 

However, for the second type of 
interaction, namely, gls-grad ¢, it is 
the pseudo-scalar, rather than the 
scalar, probability amplitude which 
satisfies the criterion that the interac- 
tion energy remains invariant upon 
reflection. Here, the grad operator 
changes sign upon reflection; s, being 
an axial rather than a polar vector, * 
is invariant to reflection, so that 
must be pseudo-scalar rather than 
scalar. Consequently, the nucleon spin- 
dependent interaction is permissible 
only in the pseudo-scalar case. 

In anticipation of results obtained 
from an analysis of proton-neutron 
scattering which indicate that the 
forees between nucleons are strongly 
spin dependent, the scalar meson theory 
is discarded in favor of the pseudo- 
scalar. This determines uniquely the 
form of the nucleon-meson interaction 
while the properties (mass, electric 


* The transformation properties of the nu- 
cleon’s spin angular momentum vector s are 
the same as the transformation properties of 
the nucleon's orbital angular momentum vector, 
r X p (vector product of nucleon’s coordinate 
and linear momentum vectors). This last 
expression is obviously invariant upon reflection. 
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charge, spin, statistics) of the free cosmic 
ray meson have also been specified as 
discussed earlier in this paper. We 
thus have a meson theory with all 
parameters determined (at least in 
order of magnitude) and can now 
investigate whether such a theory can 
account for the known characteristics 
of the nuclear forces 


Character of Forces 

The forces between nucleons which 
are responsible for nuclear binding, 
transformation, scattering, ete., are 
characterized, first of all, by their range 
of action and by the magnitudes of the 
corresponding potential energies within 
this range. Observations, mainly on 
neutron-proton and proton-proton scat- 
tering, indicate that the range is 
~2 X 10-'% cm with magnitudes ~20 
Mev. The meson theory mechanism 
of forces between nucleons arising from 
the virtual exchange of mesons can be 
shown to predict a range ~/l = h/uc 
and magnitudes ~g?/l (see explicit 
formula below). With values of 4x, 
g suggested by cosmic ray data (u = 200 
electronic masses and g = 5e—see 
above), these expressions yield 1 = 1.9 
< 10-'5 em and g?/l = 18 Mev in quali- 
tative agreement with experiment.t 
Further, the electric charge of the 
meson is responsible for the so-called 
exchange property of the nuclear forces, 
a property required to explain nuclear 
saturation, i.e., the observed propor- 
tionality between the binding energy of 
a nucleus and the number of nucleons 


+ In practice, of course, a far more accurate 
value of g may be obtained from an analysis of 
the magnitudes of the nuclear forces (as given 
by scattering and binding energy data) than 
can be deduced from an analysis of the observa- 
tions on the probability of meson creation in 
nucleon-nucleon collisions in the upper atmos- 
phere. This corresponds to the fact that ac- 
curate values of e are not normally deduced 
from an analysis of the probability of X-ray 
emission (even though a satisfactory theory is 
available here) but, for example, from an 
analysis of atomic binding energies (numerical 
value of Rydberg constant). 
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For example: Suppose a proton 
and a neutron interact by means of 


in it. 


exchange of electrically 
by the virtual 


the virtual 
charged mesons, e.g. 
emission of a positively charged meson 
by the proton and its absorption by 
the neutron. Such an interaction ob- 
viously involves an exchange of electric 
charge and thus of identity between 
the proton and neutron; this is equiva- 
lent to an exchange of their space and 
spin coordinates. It can then be 
shown that the 
exchange forces, coupled with the con- 
straints introduced by the Pauli exclu- 
sion principle is sufficient to produce 


existence of such 


saturation. 


Charge Symmetry 


Another important property of the 


nuclear forces (again deduced from 


scattering and binding energy 
which is comprehensible from the point 


data), 


of view of meson theory, is the so- 
called “charge symmetry ”’ of the forces, 
i.e., their approximate equality between 
protons and neutrons and 
neutrons, and protons and neutrons. 
Such an equality may be explained by 
assuming that nucleons exchange either 
electrically charged or electrically neu- 
tral mesons in judiciously chosen pro- 


protons, 


portions. ‘Thus, while a pair of protons 
or a pair of neutrons may interact with 
each other only by the exchange of 
neutral mesons (interaction between 
like particles by exchange of charged 
mesons would lead to formation of 
nucleons with +2, —1, etc., electronic 
charges), a neutron and a proton may 
interact through the exchange of either 
charged or neutral mesons. This lack 
of symmetry between like and unlike 
particle interactions is only apparent 
however and the detailed development 


* Quite recently, the existence of exchange 
forces between protons and neutrons has been 
directly deduced from an analysis of neutron- 
proton scattering at very high energies (~ 
100 Mev). 


of the theory shows that the p-p, n-n, 
and n-p forces are actually (if the 
coupling constants g are chosen prop- 
erly) exactly the same. 


Equivalent Potential Energy 
For further discussion of the nuclear 
forees—in particular of their spin de- 
pendence—it is convenient to refer to 
giving the 
between 


the explicit expression 
equivalent potential energy U 
two nucleons, for the charge-symmetric 
pseudo-scalar theory. This 
equivalent potential energy can be de- 
scribed in the following manner. Ac- 


meson 


cording to our general picture, a pair 
of nucleons can make a transition from 
any initial state to any final state (of 
the same total energy and momentum 
by the mechanism of virtual exchange of 
a meson; it is also possible to effect the 
same transition (in first approximation 
by the assumption of the existence of a 
force between the two nucleons depend- 
ing on their space and spin coordinates 
the potential energy corresponding to 
this The explicit 
expression for U is found to be: 


2 a 
De 9S? — re 
G pi 1) | (2S 3) ~é 
2g'l? (3| = 
- 


just U. 


force is 


U(r) = 





where g is the mesic charge of the 
nucleon; 1 = h/ye; r is the distance be 
tween the two nucleons; § is the total 
spin angular momentum of the two 
nucleons in units of h, S? being 2 or 0 
for mutually parallel and antiparallel 
spins, respectively; T is the so-called 
total isotopic spin with values T? = 2 
for like nucleons, and T? = 2 or 0 for 
unlike nucleons (the value 2 is associ- 
ated with states of motion which are 
antisymmetric and the value 0 with 
those which are symmetric in the space 
and spin coordinates of the nucleons). 
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Verify Character of Forces 

The previous remarks about the 
character of the nuclear forces as de- 
duced from meson theory are now easily 
verified by an examination of U. In 
the first place, the essentially exponen- 
tial dependence of U on r/l implies an 
effective range for the forces ~/ and an 
effective magnitude within this range 
~g’/l. Further, the equality of the 
forces between all nucleons in corre- 
sponding states of motion is apparent, 
since, according to the Pauli exclusion 
principle, like particles, with T? = 2, 
can exist only in states which are anti- 
symmetric in space and spin coordi- 
nates, and for these states T? = 2 for 
unlike particles as well. Also, the spin 
dependence of the nuclear forces 
follows from the explicit occurrence of 
terms in S? in the expression for U. 
This spin dependence arises from the 
correlation in the pseudo-sealar theory 
between the spin of the emitting or 
absorbing nucleon and the motion of 
the emitted or absorbed meson (inter- 
iction term ~s- grad ¢ for each of the 
nucleons involved); it will be recalled 
that this spin dependence is required for 
the interpretation of the observed 
neutron-proton scattering, etc., and in 
fact leads to the original choice of a 
pseudo-sealar rather than a_ scalar 
theory 

The potential U exhibits, in addition 
to the ordinary type of spin dependence 
occurrence of S? in U), a remarkable 
spin-orbit dependence, introduced by 
the term (S-r)*, proportional to the 
square of the cosine of the angle be- 
tween total spin and relative coordinate 
vectors. This term establishes a ten- 
dency for a preferential alignment of 
the line joining the two nucleons with 
respect to their total spin; hence the 
distribution of the (proton’s) electric 
charge in a nucleus containing two un- 
like nucleons (deuteron) is not spheri- 
cally symmetric and indeed turns out to 
be cigar-shaped with the axis of the 
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cigar parallel to the spin.* The corre- 
sponding electric quadrupole moment 
has been experimentally discovered and 
studied by Rabi and his co-workers and 
is now quite accurately known. 

It can thus be seen that the charge- 
symmetric pseudo-scalar meson theory 
accounts qualitatively for the range, 
magnitude, saturation property charge- 
symmetry, spin dependence and spin- 
orbit dependence of the nuclear forces. 
Quantitatively however the situation is 
extremely unsatisfactory and detailed 
calculations based on the potential 
energy UU’ (with parameters g and / 
determined from cosmic ray and /or 
some nuclear scattering and binding 
energy data) lead to large numerical 
discrepancies or even mathematical 
divergencies.t These difficulties, in 
general, persist even in more elaborate 
meson theories, where for example, the 
nuclear forces are presumed to arise 
from the virtual exchange of several 
different types of mesons (of different 


rest masses). 


Nucleon-Photon Interactions 


In the remainder of this article, the 
discussion will concern certain effects 
which may be characterized as inter- 


* The motion of the proton and neutron in 
the ground state of the deuteron is symmetric 
in their space and spin coordinates so that U = 

g?/re-r/t 29717[3(S + r/r)? — 2)(3/r3 + 3/lr? 
+ 1/lrje-''. Thus U favors large values of 
S-r.i.e., everything else being equal, U becomes 
more and more negative and the deuteron 
binding energy larger and larger, as r approaches 
parallelism with S. 


t+ An example of these difficulties is the ap- 
pearance of a negative term ~ r™ in the ex- 
pression for U. With such a term in the 
potential energy, the total energy (of the deu- 
teron, say) is minus infinity. For, by the 
uncertainty principle, the average value of the 
kinetic energy of two nucleons, when confined 
to a distance r one from another, is ~ M~'(A/r)*? 
so that the total energy can be made arbitrarily 
large and negative by sufficiently close confine- 
ment (small nuclear dimensionsr). Elimination 
of the singular r~* terms in a theory involving 
different types of mesons removes the above 
difficulty but still does not permit, in general, 
& quantitative correlation of facts greater in 
number than the number of adjustable param- 
eters (g's, l's) in the theory. 
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actions between nucleons and electro- 
magnetic fields (‘‘real’’ and “virtual’’ 
photons) beyond those due to the 
electric charge of the protons. These 
additional interactions arise from the 
fact that nucleons interact with mesons, 
and mesons, possessing an _ electric 
charge, in turn interact with photons. 
Qualitatively, one may expect on this 
basis, nucleon-photon scattering cross 
sections and nucleon magnetic moments 
different from those expected from the 
proton’s (electric) charge alone, devi- 
ations from the electrostatic inverse 
square law of force between protons and 
electrons, electrostatic forces between 
neutrons and electrons, ete. 

More explicitly, the case of the pro- 
ton-electron force will be considered. 
Here the proton may emit (virtually) a 
positively charged meson, becoming a 
neutron; as a result, any electron near 
the proton may interact electrically 
with this ‘virtual’? meson (by an ex- 
change of ‘‘virtual”? photons). Now, 
the virtual meson is found within a 
sphere centered about the resultant 
neutron and having a radius ~/; conse- 
quently, deviations from the inverse 
square law will arise since the nucleon’s 
electric charge will no longer always be 
concentrated at the position of the 
proton. In a _ similar manner, the 
possibility of a neutron’s emitting vir- 
tually a negatively charged meson and 
becoming a proton, leads to an electro- 
static neutron-electron force. Experi- 
mentally, both the deviation of the 
proton-electron force from the inverse 
square law and the neutron-electron 
force seem small; actual calculations of 
these effects (on the basis of one or an- 
other of the various methods of approxi- 
mation which have been suggested) 
lead to divergencies which can only be 
more or less arbitrarily circumvented. 

The additional (often called anom- 
alous) magnetic moments of the proton 
and neutron are of much greater experi- 
mental interest. These arise from the 
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interaction of mesons, virtually emitted 
by the nucleons, with the externa! 
magnetic fields employed in the moment 
measurements; the symmetry of the 
theory between proton and neutron and 
positive and negative meson leads to the 
prediction that the anomalous moments 
should be equal and opposite and this is 
indeed approximately borne out by ex- 
periment.* A quantitative theoretical 
evaluation is vitiated by the usual 
divergencies. 

A final interesting effect of the class 
under consideration is the anomalous 
scattering of high energy photons by 
nucleons which arises from the virtual 
meson-photon interaction. Here the 
sequence of processes involves the 
virtual emission of a meson as the result 
of the absorption of the incident photon 
by the nucleon, immediately followed 
by the reabsorption of the meson by the 
nucleon with the subsequent emission 
of a photon, different in general from 
the originalone. The resultant scatter- 
ing cross section, for protons, may be 
much larger than that due to the pro- 
ton’s electric charge; it has not yet been 
observed experimentally, since in all 
cases, except possibly hydrogen, the 
total proton scattering cross section is 
overshadowed by the presence of the 
much larger electron-photon scattering, 
and /or photon pair creation. 


Decay Schemes 

In conclusion, the connection between 
the radioactive instability of the cosmic 
ray meson and the beta-decay of 
nucleons will be mentioned. It is now 
well-established that cosmic-ray mesons 
decay into electrons (+ or —) and 
neutrinos with a half-life when at rest 
~2 x 10-* sec. As a_ result, one 
expects the beta decay of nucleons to 
proceed in accordance with the double 


scheme: neutron — proton + virtual 





* The anomalous moments of the proton and 
neutron are, respectively, +1.79 and —1.91 
nuclear magnetons. 
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meson — proton + electron + neu- 
trino. A general relation should then 
exist between the half-life of the cosmic 
ray meson and the half-lives of beta- 
ictive nuclei; again the data are only in 
qualitative agreement with the theo- 
expectations. On the other 
hand, the above description of the 


nucleon beta decay as a two-step process 


retical 


nvolving the decay of the virtual meson 
ed Yukawa to the prediction (which 
inteceded the experimental discovery) 
that the cosmic ray meson itself was 
nstable 

The last few remarks perhaps best 
ndieate the present virtue and worth 
{meson theory. The theory is capable 
if making valuable qualitative predic- 
tions and delineating previously unsus- 


pected effects. On the other hand, the 
theory is, in general, no reliable guide 
in estimating the numerical magnitude 
of such effects. It is only too likely 
that this situation will persist until 
fundamental advances are made _ in 
relativistic quantum mechanics. 


Historic and Bibliographic Note 

The fundamental concepts and mathe- 
matical 
theory are due to the Japanese physicist 
H. Yukawa, and date back to 1935 
1937. Recent work is summarized in 
an article by G. Wentzel [Recent Re- 
search in Meson Theory, Revs. Mod 
Phys. 19, 1, (1947)] and in a book by 
W. Pauli (‘‘Meson Theory of Nuclear 
Forces,”’ Interscience, Inc., N. Y. 1946). 


formulations of the meson 








The war just ended has afforded many dramatic demon- 
strations that a nation’s military power stems increasingly from 
the achievements of its scientists. It is, therefore, not sur- 
rrising that many Americans should make misguided attempts 
to safeguard American superiority by limiting the dissemina- 
tion of the discoveries of American scientists. The American 
Institute of Physics desires in the strongest possible terms to 
call attention to the dangers which are inherent in such pro- 
posals and of which those closely associated with the history 
of science are most vividly aware. 

The life of science depends upon the dissemination of in- 
formation, the training of imaginative and competent scientists, 
the recognition of the value of accidental discovery and the 
appreciation of the fields in which progress is possible. These 
can flourish only in an atmosphere of complete scientific free- 
dom. It is true that the specific technological details involved 
in the application of science to weapons of war may appropri- 
ately be kept secret; however, there are grave dangers, that 
imperil that scientific excellence which we must preserve, in 
applying military criteria for secrecy in a field which will die if 
so restricted. Even military preparedness would be tragically 
jeopardized thereby. 

We earnestly desire to bring this matter to the attention of 
the American people for their guidance in appraising proposed 
legislative and administrative procedures. 


From 1946 Report of the Director, American Institute of Physics 
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Determination of the Energy of Beta Particles 


and Photons by Absorption 


Absorption of beta particles can be studied by visual method 
and by comparison method of Feather; linear extrapolation is 


used for conversion electrons. 
tion has been developed for beta particles. 
to energy for 


half-thickness 


A broad range-energy rela- 
Relations of 


photons are presented 


By LAWRENCE E. GLENDENIN 


Department of Chemistry and Laboratory for Nuclear Science and Engineering 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


AN IMPORTANT ASPECT of the field of 
radiochemistry is the determination by 
absorption measurements of the ener- 
gies of the radiations emitted by radio- 
isotopes. Perhaps the most common 
and certainly the simplest method of 
determining this energy is to measure 
quantitatively the extent to which the 
radiation is able to penetrate matter. 
Qualitatively, it is common knowledge 
that the high-speed electrons (8 parti- 
cles) emitted by radioactive nuclei are 
able to penetrate only a short distance 
into solid materials while photons 
(y-rays and X-rays) are capable of 
traversing large thicknesses of absorb- 
ing material. It is also apparent that 
the greater the energy of a 8 particle or 
photon, the greater will be its penetrat- 
ing power. 

It is the main purpose of this paper to 
show how one may determine with fair 
accuracy the energies of 8 radiations 
and photons by their absorption in suit- 
able materials with the use of simple 
and readily available equipment, and 
also to point out some of the limitations 
of the method. Particular emphasis is 
placed on the analytical method devel- 
oped by Feather (1) for the determina- 
tion of the range of £8 radiation in 
absorbing materials, and a_ reliable 
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range-energy relationship for 8 particles 
is given for a wider region of energy than 
has been available in the literature here- 
tofore. While the chief emphasis is 
placed on the experimental and empiri- 
cal aspects of absorption as a method of 
energy determination, a brief discussion 
is also presented of the characteristics of 
8 particles and photons, the modes of 
radioactive decay which give rise to 
these radiations, and some of the theory 
of absorption. 


Beta Radiations 

The high-speed electrons ejected by 
radioactive substances during the proc- 
ess of radioactive decay may be divided 
into three categories, namely, 8~ par- 
ticles (negatrons), 8* particles (posi- 
trons), and e~ particles (conversion 
electrons). While these three types of 
radiation are all electrons (the first two 
differing only in the sign of the charge), 
a distinction may be drawn among them 
in regard to their origin, mode of forma- 
tion, and absorption in matter. 

The 8 and §8* particles have their 
origin in nuclear transformations 
through the change of a neutron into a 
proton and a §~ particle, or by a change 
of a proton into a neutron and a 8* par- 
ticle. The formation of B- and £p* 
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FIG. 1. Continuous energy spectrum of 


8 radiation 





particles may be represented as: 
om! > p' + 8° +p 
and yp! — on! + Bt + v 
where » is the neutrino, a hypothetical 
particle of zero rest mass and zero 
charge (the existence of which is postu- 
lated to satisfy the laws of conservation 
of energy, of momentum, and of statis- 
tics). In general, 8- particles are 
emitted by nuclei in which the ratio of 
neutrons to protons is greater than that 
corresponding to stability, while 8* 
particles are emitted by nuclei which 
have an excess of protons. 

Nuclear 8 radiation has a continuous 
energy spectrum as illustrated by the 
curve of Fig. 1. Such a curve may be 
obtained by examination of the 8 radia- 
tion in the magnetic spectrograph. 
The energy of the § particles (deter- 
mined by the strength of the applied 
magnetic field) is plotted against the 
number of 8 particles of a given energy 

Ve). By suitable plotting and extra- 
polation of the data, the maximum 
energy or end-point of the spectrum 
Emax) can be determined with high 
accuracy. The initial portion of the 
spectrum is not well known because of 
the experimental difficulties encoun- 
tered with very soft (low-energy) 8 par- 
ticles. The difference between the 
energy at any point on the curve and 
the total disintegration energy (Emaz) 
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is the energy of the neutrino which is 
emitted simultaneously with the 6 par- 
ticle. When reference is made to the 
energy of 8 radiations, the maximum 
energy is always meant unless specified 
otherwise. 

The process of 8~ decay may be rep- 
resented from the standpoint of the 
entire nucleus as: 

gX4 —> g.:¥4 + 8 +7 +Q 
where Z is the atomic number, A is the 
mass number, X and Y are the chemi- 
cal symbols of the nucleus before and 
after the disintegration, respectively, 
and Q represents the total decay energy. 
The nuclear chemist or physicist often 
makes use of an energy-level diagram or 
decay scheme as a convenient means of 
illustrating the mode of decay. The 
following is an energy-level diagram for 


simple B~ decay 
geen IP 
ry “\ 
> t 
is) 
a 
W 
} ” ie 
—A— 2:1 
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The horizontal lines represent the en- 
ergy levels of the nuclei, and the vertical 
distance between the lines represents 
the total energy of the disintegration 
which is the maximum energy of the 8 
particles. The arrow slanting to the 
right indicates the 8~ transition between 
the levels. 

While most of the foregoing discus- 
sion applies equally to 8~ and 8* radia- 
tions, a further and rather interesting 
phenomenon, that of annihilation, arises 
in the case of positron emission. Im- 
mediately after ejection from the nu- 
cleus, the positron possesses a high 
velocity and, in passing through matter, 
is gradually slowed down by collisions 
with the electrons of the absorbing 
material. When the kinetic energy of 
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the positron has been reduced to a 
relatively low value, the 8* particle is 
annihilated in an encounter with an 
electron. The positive and negative 
electrons disappear, and their combined 
mass is transformed into energy which 
is divided equally between two photons 
appearing at the site of annihilation. 
These annihilation radiations proceed 
in opposite directions to satisfy the con- 
servation of momentum, and each has 
an energy of 0.51 Mev, the mass equiv- 
alence of an electron by the Einstein 
mass-energy relation (E = Mc?). Po- 
sitron emission therefore is always 
accompanied by the characteristic anni- 
hilation radiation. 
The equation for 8* decay is: 
zX4 4 7ziY4+pt+r+Q 

where Q, the total decay energy, is equal 
to the maximum kinetic energy of the 
positron plus the energy of annihilation 
(1.02 Mev), plus the small energy of 
recoil of the product nucleus. The 
energy level diagram for 8* decay is 
represented as follows: 


» 
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© 
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The arrow slanting to the left indicates 
the positron transition and the vertical 
distance between the energy levels 
represents the total decay energy, Q. 
The third type, the conversion elec- 
trons, are discussed in the following 
section since they are more logically 
considered in connection with photons. 


Photons and Conversion Electrons 
For the purpose of this discussion, 
photons arising from radioactive decay 
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can be divided into two categories: 
y-rays, and X-rays. While these are 
both quantized electromagnetic radia- 
tions of relatively high energy and short 
wavelength, they differ in regard to 
mode of formation and place of origin 
within the atom. The y-ray is emitted 
by a nucleus which is in an excited state, 
i.e., an energy level higher than the 
lowest or ground level. By emission of 
the y-ray, the nucleus is able to get rid 
of its excess energy and thereby reach 
the ground state. This may not always 
be accomplished in one step, however, 
and many cases are known where a 
series of two or more y-rays are emitted 
in “cascade” before the ground state is 
reached. The y-ray has a single and 
well-defined energy unlike nuclear £8 
radiation which, as we have seen, has a 
continuous energy spectrum. 

The simplest case of gamma radiation 
is involved in the type of radioactive 
decay known as an isomeric transition 
in which the excited nucleus (or isomer 
simply decays to the ground state by 4 
emission. The energy-level diagram 
for isomeric transition is as follows: 
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The wavy arrow indicates the y-ray 
transition. The vertical distance be- 
tween the energy levels represents the 
total decay energy which is equal to the 
energy of the y-ray. 

Gamma rays may also arise as a re- 
sult of 8 decay to an excited level in the 
product nucleus which then decays to 
the ground level by y emission. This is 
shown in the following energy-level 
diagram: 
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Still another mode of radioactive 


decay in which y-rays may arise is that 
of orbital electron capture (often called 
K-capture since it is generally an elec- 
tron from the K shell that is captured 
by the nucleus). This interesting type 
of decay is discussed later, in connection 
with X-rays. It suffices at this point 
to show a case of y emission accompany- 
ing K-capture by means of the following 
energy-level diagram: 
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The fundamental difference between 
y-rays and X-rays is the locale of their 
origin in the atom. The X-rays are not 
emitted from the nucleus but originate 
in the electronic structure of the atom. 
The formation of X-rays is most easily 
seen in terms of the Bohr theory of the 
atom. The electrons are considered to 
exist in quantized energy states or or- 
bits. While the electron is moving in 
one of these orbits, no radiation is 


emitted. However, when for some rea- 
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son an electron is removed from one of 
the orbits, the vacancy is filled by 
another electron which falls from an 
outer orbit. The energy released by 
this transition from a higher to a lower 
orbit appears as electromagnetic radia- 
tion (photon). If the transition occurs 
in the deeper-lying orbits, the radiation 
will usually have sufficient energy to be 
considered as an X-ray, i.e., the wave- 
length will be shorter than that of the 
ultraviolet. The formation of a K 
X-ray which accompanies a transition 
from some outer orbit to the K orbit is 
illustrated in the following diagram: 
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VA 
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In this case the transition occurs from 
the L to the K shell, and the radiation 
is known as the Ka X-ray. If E; and 
E, represent the energy states of the 
electron before and after the transition, 
respectively, the energy E of the X-ray 
(in ergs) is given by the equation: 

E=£,-E.= a (1) 
nN 
where h is Planck’s constant, c is the 
velocity of light, and \ is the wavelength 
of the radiation. Since energies are 
conventionally expressed in terms of 
electron volts, and the wavelengths of 
X-rays are generally given in Angstrém 
units (10-8 cm), a more convenient form 
of the equation is: 
y — 12400 
jane (2) 
where E is the energy in electron volts 
and ) is the wavelength in Angstréms. 

The loss of an inner orbital electron 

(which gives rise to X-rays) occurs by 
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two means. The first of these is the 
mode of radioactive decay known as 
orbital electron capture. According to 
modern quantum theory, the electrons 
in an atom have a certain probability of 
being in the nucleus at any given time. 
An unstable nucleus which has too high 
a ratio of protons to neutrons may take 
advantage of this situation and neutral- 
ize its excess positive charge by captur- 
ing an orbital electron. The resultant 
vacancy in the orbit will then give rise 
to X-rays as described above. This 
type of radioactive decay is often re- 
ferred to as K-capture because the elec- 
trons in the K shell generally have a 
greater probability of being captured 
than do the electrons of higher lying 
orbits. In the case of pure A-capture 
(with no competing modes of decay and 
no y emission) only the characteristic 
X-rays of the product atom will be 
observed. 

The process of K-capture may be con- 
sidered as an alternative to positron 
emission and often competes with posi- 
tron decay. If an unstable nucleus 
with an excess of protons does not 
possess at least 1.02 Mev of decay en- 
ergy (the annihilation energy required 
for the formation of a positron), it is 
unable to decay by positron emission. 
In this case stability is achieved through 
the process of A-capture whereby the 
nuclear charge is decreased by one unit, 
and the decay energy (minus the bind- 
ing energy of the captured electron) is 
carried off by the neutrino. Nuclei 
that do possess the requisite energy 
(> 1.02 Mev) can, and often do, decay 
by both the process of 8+ emission and 
K-capture. In general, the higher the 
atomic number of the nucleus, the 
greater is the ratio of K-capture to 
positron decay. 

The equation for orbital electron 
capture may be written as follows: 

gX4 + o> £i:¥Y4 +» +Q 
The total decay energy, Q, is equal to 
the energy of the neutrino plus the bind- 
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ing energy of the electron that is cap- 
tured. It will be noticed that in 
K-capture the neutrinos are monoener- 
getic, whereas in 8~ and 8* decay they 
have a continuous energy spectrum. 
Naturally, this cannot be shown experi- 
mentally since no successful method for 
detecting the neutrino has been devised 
up to the present time. The energy 
level diagram for K-capture is: 
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The vertical distance between energy 
levels represents the total decay energy. 

The other method by which the loss 
of an inner orbital electron may occur 
is the internal conversion of +y-rays. 
In this process the nucleus that is in an 
excited or metastable state imparts its 
excess energy to an electron of the K or 
L shell as an alternative to y emission. 
This electron, known as a conversion 
electron, is ejected from the atom with 
a kinetic energy equal to the decay en- 
ergy of the y transition (i.e., the poten- 
tial energy of the excited state) minus 
the binding energy of the orbit from 
which the electron is removed; con- 
version electrons are therefore mono- 
energetic. 

The degree of conversion, i.e., the 
probability that a conversion electron 
will be emitted rather than a y-ray, is 
generally proportional to the half-life of 
the excited state and inversely propor- 
tional to the y-ray energy. The loss of 
the orbital electron in internal conver- 
sion necessarily gives rise to the char- 
acteristic X-rays of the element as in 
the case of K-capture. 

This discussion of the characteristics 
of beta particles and photons and 


January, 1948 - NUCLEONICS 


~= 





the various modes of radioactive decay 
that give rise to them admittedly is 
rather brief. Those interested in fur- 
ther reading on the subject should con- 


Bet 


sult standard reference books(2,3,4,4,6). 


Absorption of Beta Radiations 
Che following sections deal primarily 
with the empirical aspects of the absorp- 
tion of 8 radiations and photons en- 


countered in the laboratory, together 
with the experimental methods of de- 
termining the energies of these radia- 
tions. It is in order, however, to 
consider briefly the nature of the ab- 
sorption of radiations in matter. 

The high-velocity electrons (nuclear 
8 particles and conversion electrons) 
emitted by radioactive atoms are gradu- 
illy slowed down and finally stopped by 
collisions with the electrons of the ab- 
sorbing material. The thickness of 
absorber that a 8 particle is just able to 
traverse depends on the initial energy 
of the particle and the number of elec- 
trons it encounters in traversing a given 
thickness of the absorber. It is seen, 
then, that the range of a given 8 radia- 
tion, i.e., the thickness of absorber re- 
quired to stop the radiation completely, 
depends on the density of electrons in 
the absorber which, of course, varies 
rom one substance to another. If, 
however, one expresses the amount of 
absorber in terms of the product of 
density times thickness (mass per cm?), 
the range is nearly independent of the 
nature of the absorber since there are 
ibout the same number of electrons in a 
given mass of any material.* Another 
reason for the adoption of mass per unit 
area as the conventional way of express- 
ing absorber thickness is that very thin 


* Strictly, this is not quite the case since the 
imber of electrons per unit mass decreases 
with increasing atomic number because of the 
decreasing ratio of protons to neutrons. The 
ability of an element to stop 8 radiation is there- 
fore proportional to Z/A. This effect is not 
large, however, as shown by the relative stop- 
ping power of Al (Z = 13) and Au (Z = 79) 
in which the ranges of a 1-Mev 86 particle are 
400 mg/cm? and 500 mg/cm?, respectively. 
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absorbers can be measured more accur- 
ately and conveniently by weight. 

A convenient experimental arrange- 
ment for absorption measurements 1s 
shown diagrammatically in Fig. 2 
The counting tube has a sufficiently 
thin window (~3 mg cm?) that it does 
not absorb the radiation appreciably. { 
The absorbers (Al foils) are interposed 
by placing them on one of the shelves, 
and the activity or counting rate of the 
source (minus the natural background 
of the counter) is observed with varying 
The counting tube 
and shelf arrangement are housed in a 
lead shield to minimize the background 
A typical absorption curve 


thicknesses of Al 


activity. 
of 8~ particles (with background sub- 
tracted) obtained under these condi- 
tions is given in Fig. 3. The curve is 
most conveniently plotted on = semi- 
logarithmic graph 


activity as the ordinate (log scale 


paper with the 


and the thickness of Al (in mg/cm?) as 
the abscissa (linear scale). 

It will be noted that the absorption 
of the nuclear 8~ particles is not quite 
exponential but is usually more or less 
The de- 


gree of this concavity is dependent on 


concave to the coordinates. 


the experimental arrangement of the 
source, absorbers, and counter, and 
also on the shape of the continuous 
energy spectrum (Fig. 1). In general, 
because of a scattering effect, the ab- 
sorption curve will be more concave the 
farther the source and absorbers are 
placed from the counter. The shape of 
the absorption curve is strongly depend- 
ent on the energy distribution of the B 
particles. In fact, the more or less ex- 
ponential absorption of nuclear 8 
radiation is the fortuitous result of the 
continuous energy spectrum. 

The shape of the energy spectrum 


t In practice, it is difficult to prepare count- 
ing tubes with windows thinner than ~1 
mg/em?, which places a lower limit of ~0.1 
Mev on the energy of radiations that can be 
determined accurately by absorption measure- 
ments using end-window counters. 
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FIG. 2. Experimental arrangement for absorption measurements 





and hence of the absorption curve of B~ 
particles will depend on the maximum 
energy, the atomic number, and the 
degree of forbiddenness of the transi- 
tion. The greater is the maximum 
energy of the 8 radiation, the more the 
energy spectrum will be shifted toward 
the higher energy region [i.e., the 
greater is the ratio of average energy to 
maximum energy (7)], and the more 
concave to the coordinates will be the 
absorption curve. The greater are the 
atomic number and degree of forbid- 
denness of the decay, the more the 
spectrum will be. displaced toward the 
lower energies and the more nearly ex- 
ponential will be the absorption curve. 
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From these considerations it is 
clearly evident that while nuclear 8 par- 
ticles have a rather definite range in 
matter, they seldom have a constant 
absorption coefficient or half-thickness 
because the slope of the absorption 
curve changes continuously with in- 
creasing thickness of absorber. If one 
must refer to the “half-thickness”’ of a 
nuclear 8 radiation, it is best to specify 
it as based on the initial slope of the 
absorption curve and also the positions 
of the source and absorbers relative 
to the counter. It is also apparent that 
there will not be a constant ratio of 
range to initial half-thickness in going 
from one 8-emitting nucleus to another 
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because of the varying shape of absorp 
tion curves. In general, this ratio will 
ill in the range of 5-10, depending on 
the above factors. In the average 
case, it will be about 7. 

In the ease of 8* radiation, the shape 
of the absorption curve is much the 
same as for 8 particles,* with the 
exception that annihilation radiation is 
This will show up in the 
curve (Fig. 4) as a penetrating back- 
By subtraction of the 


present. 


ground activity. 
annihilation background (horizontal 
dotted line) from the observed (solid 
curve, the absorption curve of the posi- 
obtained 


trons 18 as shown in the 


figure. It will be noted that the 
innihilation background activity is 


about 1% of the 8* activity at zero 
ibsorber. This ratio is set by the 
counting efficiency of the counter for 
photons. For the usual counting tube, 
this efficiency (in %) is approximately 
equal to the energy of the photon in 
Mev (for energies $0.1 Mev). Thus, 
in the case of 8* emission, two annihila- 
rays of 0.51 Mev are present 
for each positron absorbed, and the 


tion 


background activity is therefore about 
2 xX 0.5, or 1% of the 8* activity. 

The absorption curve of Fig. 4 will 
also apply in general to 8~ emission to 
an excited product nucleus followed by 
y emission to the ground state. The 
absorption curve of the 8 particles 
may be obtained by subtraction of the 
y-ray background as in Fig. 4; the ratio 
of B- to y activity will depend on the 
total photon energy per 8 particle, as 
illustrated above in the case of positron 
decay. 

In regard to the techniques of deter- 
mining the range of 8 radiations from 
absorption measurements, considera- 
tion will be given first to the visual 
method and to the comparison method 
of Feather, both of which are applied to 
nuclear 8 particles, and then to the 


* Absorption curves of 8+ particles are gen- 
erally somewhat more concave. 
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linear extrapolation method which is ap- 
plied to the absorption of conversion 
electrons. 

The visual method of range deter- 
mination is quite simple but unfor- 
tunately is applicable only in cases 
where y activity is absent or else pres- 
ent in low intensity (i.e., a counting 
rate less than ~0.5% of the B activity). 
In such cases this method is capable 
of high accuracy, provided a fairly 
intense source of activity is available. 
The absorption data are plotted as in 
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Fig. 5 without subtracting the back- 
ground activity (natural counter back- 
ground or any y activity present). 
The abscissa represents the total 
absorber thickness, i.e., the added 
Al plus any absorption due to thickness 
of the source, sample covering, air gap, 
and the counter window. The self- 
absorption in the source may be esti- 
mated as one-half its weight divided 
by its area. It will be seen from Fig. 5 
that the visual range, as the name 
implies, is just the thickness of absorber 
through which one can no longer ob- 
serve 8 activity above the background 
activity. In the more common cases 
of 8 decay accompanied by y emission, 
the visual method does not give the 
correct value of the range because of 
concealment by the y background. 
The apparent range by visual inspec- 
tion is considerably less than the actual 
range, and the higher the y background, 
the greater the resultant error. An 
example of this is afforded by 5.3y Co®, 
which decays by emission of 0.3-Mev 
8~ particle followed by two y-rays (of 
1.1 and 1.3-Mev energy) in cascade. 
In this case, the y background is ap- 
proximately 3% of the B~ activity and 
the apparent range in Al by visual 
inspection is about 65 mg/em?, whereas 
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FIG. 5. Visual range determination for 
8 particles 
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the actual range (determined by the 
Feather method) is 80 mg/cm? (8). 

In order to avoid the difficulties en- 
countered in the visual method of range 
determination, Feather (1) developed 
a comparison method in which the 
range of the 8 particles of any substance 
is measured in terms of the range of a 
standard 8 emitter. For the standard 
8 radiation, Feather chose Radium EF 
(5d Bi?'®), which has no y activity, 
and carefully determined the range of 
the 8 particles in Al (by the visual 
method) as 476 + 2 mg/cm?. 

Accepting this as the correct range, 
the absorption curve of RaE (with 
background subtracted) can then be 
used as a standard to determine the 
range of any other 8 radiation. To do 
this the abscissa of the RaE absorption 
curve is marked off in fractions of one 
tenth of the range, and the correspond- 
ing activities are marked on the ordinate 
as read from the curve. This proce- 
dure is illustrated in Fig. 6, with dotted 
lines showing the determination of 
fractional activities for four tenths and 
five tenths of the range. The ordinate, 
when transferred to a strip of stiff 
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paper or cardboard, is commonly re- 
ferred to as a Feather analyzer. The 
inalyzer can then be applied to the 
ibsorption curve of any nuclear 8 radia- 
tion to determine its range provided 
that the absorption curve is obtained 
in the same experimental arrangement 
ind that it is plotted on identical graph 
paper. All background activity must, 
of course, be subtracted from the ob- 
served data and the net absorption 
curve of the 8 particles obtained before 
the Feather analysis is attempted. 

The use of the analyzer in determin- 
ing a 8 range is illustrated in Fig. 7. 
The analyzer is placed on the graph so 
that the zero point is lined up with the 8 
activity at zero absorber. The thick- 
nesses of absorber corresponding. to the 
various fractions of the range are ob- 
tained from the absorption curve, as 
shown in the figure for the fractions 
0.4 and 0.5. To determine the range, 
these thickness values are divided by 
their respective fractions of the range, 
and the apparent range values thus 
obtained are plotted as in Fig. 8. A 
smooth curve is drawn through the 
points and extrapolated to obtain the 
true range as shown in the figure. 

The advantage of the Feather analy- 
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sis is that it provides an objective deter- 
mination of the range independent of 
the presence of y background, and, since 
it is a comparison method, it corrects 
largely for the effects of the experi- 
mental arrangement. Of particular 
value is the application of the method 
to cases of complex spectra resulting 
from branched decay in which more 
than one 8 component is present in the 
absorption curve. If the 8 components 
are sufficiently different in energy (at 
least by a factor of two), they can be 
separated from the gross curve by 
extrapolation and subtraction, as shown 
in Fig. 9, and treated individually by 
the Feather method to obtain the 
range. The value of the range of the 
softer 8B component may be somewhat 
in error due to uncertainty in analysis 
of the curve into the various com- 
ponents, but the much 
greater than that afforded by a simple 


accuracy is 


visual inspection of the gross curve. 

In connection with the comparison 
method, the shape of the Feather plot 
(Fig. 8) deserves some mention. 
the analyses of a 


From 
large number of 
nuclear 8 radiations (chiefly those of 
fission product nuclei), the author has 
found that a great majority give a 
Feather plot similar in shape to that 
of Fig. 8. The reason for the deviation 
of the plot from a straight horizontal 
line is that the majority of 8 emitters 
have continuous energy spectra differ- 
ing considerably from that of RaE, the 
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known that the energy spectrum of 
Rak is abnormally displaced toward 
the lower energy region (7), and it will 
be recalled from earlier discussion that 
this results in a nearly exponential 
absorption curve. Most of the 8 
emitters commonly encountered, how- 
ever, have higher ratios of average 
energy to maximum energy than does 
Rak, and their absorption curves are 
more or less concave to the coordinates 
as shown in Fig. 3. The result of this 
is that the usual Feather plot, which 
actually compares the shape of a given 
absorption curve with that of Rak, is a 
descending curve of changing slope and 
is seldom found to be a straight line. 
This effect sometimes proves to be a 
serious disadvantage, especially when, 
due to the presence of a high y back- 
ground or another 8 component, it is 
possible to obtain the Feather plot only 
over a portion of the range. In this 
case one is forced to extrapolate for a 
considerable distance on a curve of 
changing slope to obtain the value of 
the range, and the degree of uncertainty 
may be large. An obvious way of 
avoiding this difficulty is to use a 
standard other than RaE so that the 
comparison is made between absorp- 


tion curves which are more similar in 
shape. The Feather plot in this case 
will be more nearly a straight line, and 
the extrapolation can be made with 
greater security. A suitable standard 
should approximate the average 6 
emitter in the shape of the absorption 
curve and should have little or no 
y background so that the range can be 
determined accurately by the visual 
method. The radioisotope UX». would 
prove to be a satisfactory standard in 
many cases. The visual range of UX 
has been accurately determined by 
Feather as 1105 mg /em? (1). 

Samples of UX2 (1.14m Pa?***) ac- 
tivity in secular equilibrium with UX, 
(24.5d Th***) and U, (4.5 & 10%v U?"8 
may be prepared conveniently by ig- 
nition of uranyl nitrate hexahydrate 
(UO.(NO;)26H2O) at 800° C to the 
oxide U;Os of definite composition 
The specific UX. activity is 620 dis- 
integrations per minute per milligram 
of U;Os. If weightless samples of UX. 
are desired, the uranyl nitrate may be 
extracted into ethyl ether and the 
aqueous phase containing the UX, and 
UX. evaporated to dryness for the 
absorption measurements. In this case 
the UX, activity will decay with the 
half-life of UX, (24.5 days). Inter- 
ference by UX, in the absorption curve 
of UXz is avoided by using an initial 
absorber of about 20 mg/cm? thickness. 
This completely absorbs the soft 8 
radiation of UX;. The absorption 
curve of the UX, is extrapolated back 
to zero total absorber using the ob- 
served initial slope of the UXz2 curve. 

The determination of the range of 
conversion electrons is carried out in 
a different manner from that used for 
nuclear 8 particles and, in general, is 
more difficult. An excellent discussion 
of the problem of determining the range 
of homogeneous (monoenergetic) elec- 
trons, including the experimental work 
of several investigators (Wilson, Varder, 
Ellis, Madgwick, and Schonland), is 
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Rutherford, Chadwick, and 
pages 411-22] and is to be 
recommended. As mentioned 
previously, conversion electrons are 
initially homogeneous in energy and, 
although they soon become _hetero- 
geneous due to straggling in the ab- 
sorber, the shape of the absorption 
curve of electrons 
siderably different from that of nuclear 


given by 
Ellis [(2), 
highly 


conversion is con- 
particles. 

For energies greater than 0.2 Mev, 
the absorption curve is plotted on 
linear graph paper (with activity as 
the ordinate and absorber thickness as 
, and a more or less straight 
ine is obtained over most of the range 
a small tail in the 


the abscissa 


absorber with 
irve suggesting greater penetration. 
The linear portion of the curve is 
extrapolated to cut the abscissa; the 
ibsorber thickness so obtained is called 
the extrapolated or effective 
If other radiations are present, the net 
curve of the 


range. 
ibsorption conversion 
electrons must, of course, be obtained 
by analysis of the gross curve before the 
range determination can be made. 
The method is illustrated in Fig. 10. 

For conversion electron energies 
~ 0.2 Mev, this method is un- 
fortunately not very reliable since, in 
the experimental arrangement 
monly used (see Fig. 2), the absorption 
tends to become increasingly 
convex to the origin with decreasing 
and the effective range is 
difficult to ascertain. It is found, how- 
ever, that in this lower energy region 
curve of conversion 
electrons is very nearly exponential 
linear on a semi-logarithmic graph) 
over a considerable distance, and this 
suggests that a relation between half- 
thickness and energy (determined by 
magnetic spectrograph) might be de- 
vised for this region. A comparison 
method analogous to the Feather 
method for nuclear 8 particles might 
also be practicable. 
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It is obvious that further work is 
needed in the development of a con- 
venient and reasonably accurate method 
for determining the range of low-energy 
with ordinary 


conversion electrons 


counting equipment 


Range-Energy Relationship 
for Beta Radiations 


In order to evaluate the energy of 8 
radiations from the range, there is 
needed an empirical relationship be- 
tween the range (determined by ab- 
sorption) and the energy (determined 
magnetically). In 1938 Feather (/) 
proposed the relation: 

R = 0.543E — 0.160 (3 
where R is the range in gm/cm? and E 
is the maximum energy in Mev of the 
nuclear 8 particles. This equation 
(plotted as the broken line F in Fig. 11) 
was considered to be valid for energies 
greater than 0.7 Mev and has been 
widely used. The relation was based 
mainly on the ranges and magnetic 
spectrograph energies of RaE and UX». 

Realizing the need for a range- 
energy relation in the lower energy 
region, the author in collaboration with 
C. D. Coryell (9) examined the range 
and spectrographic energy data for 
emitters (compiled chiefly 
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TABLE 1 


Ranges and Maximum Energies of Beta Particles 


Radioisotope Range 
mg/cm? 
6.7y Ra??8 (MsTh,) 6.0 
6.3 X 10%y Rb*? 20 
35d Cb* 30 
7.3 X 10!%y Lu'76 48 
5.3y Co* 80 
65d Zr 120 
8.0d [15! 210 
60d Sbi*4 250* 
1200* 
12.8d Ba!#? 120 
2.33d Cd''5 520 
5.0d Bi?!® (RaF) 476 
53d Srs* 730 
70m Te!2* 800 
65h Y* 1050 
1.14m Pa?34(UX, 1105 
17.5m Pr'44 1550 


References 





Mazimum 
Energy (Mev) Re fe rences 


(10) 0.053 (10) 
(11) 0.132 (11) 
(9) 0.154 (15) 
(12) 0.215 (12) 
(8) 0.300 (18) 
(9) 0.394 (15) 
(9) 0.595 (14) 
(9) 0.74* (16) 
(9) 2.45* (16) 
(9) 1.05 (15) 
(9) 1.13 (17) 
(1) L. 87 (18, 19, 20 
(9) 1.5 (15) 
(9) 1.8 (15) 
(9) 2.2 (15) 
(1) 2.33 (21) 
(9) 3.07 (16) 


* 8 components of the branched decay of Sb'!*4. 





from work on the Manhattan Project) 
covering an energy region from 0.154 
Mev to 3.07 Mev. From these data 
(included in Table 1 and plotted in 
Fig. 11), the following linear range- 
energy relation was derived by the 
method of least squares for the energy 
region above 0.8 Mev: 
R = 0.542F — 0.133 
(E >0.8 Mev) (4) 
A more useful form of the equation is: 
E = 1.85 R + 0.245 
(R >0.3 gm/em?) (5) 
It will be seen that this relation differs 
only slightly from that derived by 
Feather but is somewhat more secure 
in the high energy region because of 
the experimental point at 3 Mev. The 
complete relationship, including the 
lower energy region, is represented by 
the solid curve of Fig. 11 which is valid 
over the region of energy from 0.15 
Mev to about 3 Mev. The equation 
may be used for higher energies on the 
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assumption that the relation remains 
linear, but more experimental data are 
needed in the high-energy region. 
Using the data for the radioisotopes 
Cb*, Zr*, I'31, and Sb!*4 (Table 1), 
a range-energy relation was also found 
for the lower energy region of 0.15 Mev 
to 0.8 Mev. The data were plotted 
on a logarithmic graph and, from a 
straight line fitted to the points and 
made continuous with the linear rela- 
tion in the higher energy region, the 
following equations were derived: 
R = 0.407 E'-8 
(0.15 Mev < E <0.8 Mev) (6) 
or E = 1,92 R°-725 
(0.03 gm/em? < R <0.3gm/cm?*) (7) 
The range-energy relation for mono- 
energetic electrons (based on the data 
of Marshall and Ward (22) is plotted 
as the broken line M. It will be noted 


that, below approximately 0.5 Mev, the 
relations for nuclear 8 particles and 
monoenergetic electrons become iden- 
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tical, while in the higher energy region 
there is a small and practically constant 
difference between the two curves. 
It is quite probable that this slight 
difference is inherent in the methods 
ised for range determination (discussed 
previously). Aside from this differ- 
ence in method of range determination, 
it is to be expected that, for a given 
maximum energy, nuclear 8 particles 
will have an observed range somewhat 
than that of monoenergetic 
electrons of the same energy because of 
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smaller 


the deficiency of 8 particles near the 
upper limit of the continuous energy 
spectrum. From the range-energy data 
on nuclear § particles in Table 1 and 
the data of Marshall and Ward (22) 
and Schonland (2) on monoenergetic 
electrons, it is quite evident, however, 
that the difference, if it exists, is too 
small to be detectable at lower energies. 

In the region of energy from about 
0.05 Mev to 0.5 Mev where the data 
for nuclear 8 particles and monenergetic 
electrons the range-energy 
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relations are found to be essentially 
identical. It seems justifiable, there- 
wre, to extend the relation for nuclear 


8 particles to the very low energy 
region using range-energy data for 
monoenergetic electrons. 

In Fig. 12, the data used for the solid 

irve in Fig. 11 and some additional 
data on nuclear 8 particles included in 
lable 1 are combined with the range- 
energy values given by Schonland (2 
for cathode rays (monoenergetic-elec- 
tron beams) to give a range-energy rela- 
tion extending from 0.01 Mev to 3 Mev. 
The curve is also extrapolated to 10 
Mev on the basis of the linear equation 
derived from the solid curve of Fig. 11 
The range-energy curve of Fig. 12 is 
plotted on logarithmic graph paper in 
order to cover the extensive region of 
energy 

From Fig. 12 it will be seen that the 
range-energy curve on a logarithmic 
plot approximates a straight line only 
over short distances. The logarithmic 
equations 6 and 7, for example, are 
ictually applicable only between the 
energies of about 0.2 Mev and 0.8 Mev. 
Recently, Libby (23) has proposed the 
range-energy relation: 

‘I 
R= 50 E** (E < 200 kev) (8) 


where R is the range in mg/cm? and FE 
is the energy in kev. This equation is 
ilso based on data for monoenergetic 
electrons and some low-energy 8 emit- 
ters, and assumes a straight-line rela- 
tionship on a logarithmic plot. Libby’s 
equation is strictly applicable only in 
the region from about 50 kev to 150 
kev. It is apparent that these equa- 
tions for the lower energy region 
have only a limited usefulness. In 
general, it would be better to read 
values directly from the empirical 
range-energy curve (Fig. 12) for en- 
ergies below 0.8 Mev than to rely on 
such equations. 
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Absorption of Photons 

Photons arising from radioactive 
deeay are absorbed in matter by three 
types of interaction: 

Photoelectric effect 
Compton effect 
Pair production. 

In the photoelectric effect, the photon 
imparts all of its energy to an electron 
in an atom of the absorbing material, 
giving the electron (known as a photo- 
electron) a kinetic energy equal to the 
original energy minus the binding en- 
ergy of the electron. The probability 
of this type of interaction is greater for 
photons whose energies are close to the 
binding energies of the electrons. The 
photoelectric effect is therefore pre- 
dominant for photons of low energy 
(e.g., X-rays) and for absorbing mate- 
rial of high atomic number. This ac- 
counts for the strong absorption of 
X-rays by heavy elements such as lead 
or gold. For photons of high energy or 
absorbers of low atomic number such 
as aluminum, however, the photo- 
electric effect is relatively unimportant. 

The Compton effeét is the most com- 
mon method of interaction between 
photons and matter. In this case only 
a part of the energy of the photon is 
communicated to the electron (known 
as a Compton electron). depending on 
the angle between the initial and final 
directions of the photon. The maxi- 
mum energy of the Compton electrons is 
a measure of the energy of the incident 
photons. The probability of this type 
of interaction rises with increasing 
photon energy and is practically inde 
pendent of the atomic number of the 
absorber. ; 

The third way in which photons may 
be absorbed, provided they have suffi- 
cient energy, is by the phenomenon of 
pair production. This process is the 
opposite of the process of annihilation 
discussed in connection with beta radia- 
tions. In this case the photon disap- 
pears and a pair of electrons of opposite 
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charge (positron and negatron) appears. 
The two particles proceed in opposite 
directions to conserve momentum, and 
each has a kinetic energy equal to one- 
half the energy of the photon minus the 
energy equivalent to the mass of an 
electron (0.51 Mev). Pair production 
cannot occur, of course, unless the 
photon has an energy greater than two 
electron masses (1.02 Mev). 

The probability of pair formation is 
greater in the proximity of heavy nuclei 
and therefore rises with increasing 
atomic number. The probability also 
rises with increasing photon energy. 
For 3-Mev y-rays impinging on lead, 
nearly one-half the energy of the y-rays 
is lost by pair production, while in 
aluminum the amount is only a few per 
cent (6). 

The absorption of photons by matter 
is exponential and proceeds according 
to the equation: 

. Ay = Age" (9) 
where 7 is the thickness of absorber 
traversed (in em), Ao and A; are the 
respective activities (or counting rates) 
of the y-ray or X-ray before and after 
traversing this thickness, and 4 is the 
linear absorption coefficient (in units of 
em~'). In practice it is more conveni- 


ent to use the mass absorption coeffi- 





cient um Which is equal to 4: divided by 
p, the density of the absorber (in 
gm/cm*). The coefficient um is in units 
of cm?/gm and is independent of the 
physical or chemical state of the ab- 
sorber, whereas yw; is not. If um is used 
in the absorption equation, the thick- 
ness r must, of course, be expressed in 
terms of gm/cm?. 

In laboratory work it will generally be 
more convenient to use the concept of 
half-thickness, 715, which is the thick- 
ness of absorber (in gm/cem?) required 
to reduce the y-ray or X-ray activity to 
one-half its initial value. Half-thick- 
ness is related to the mass absorption 
coefficient by the equation: 

_In2 _ 0.693 
-™ Mm al Km 

The half-thickness of a photon is 
strongly dependent on both its energy 
and the atomic number of the absorber. 
It should be noted that whereas 8 radia- 
tions have definite ranges that are fairly 
independent of the nature of the ab- 
sorber, y-rays and X-rays are never 
completely stopped (as shown by the 
absorption equation) and are absorbed 
more strongly by elements of higher 
atomic number; that is, 714 decreases 
with increasing Z. 

For ideal y-ray (or X-ray) absorption 
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measurements, the source should be 
placed at a considerable distance from 
the counter, and the y-ray beam should 
be well collimated to prevent counting 
of the scattered y-rays and the second- 
iry electrons produced in the absorber 
While the experimental arrangement of 
Fig. 2 is far from ideal, it is found that 
fairly satisfactory results are obtained 
f the absorbers are placed against the 
counter and the source is placed as far 
from the counter as the intensity 
Under these 
exponential 


iwWAY 
of the source will allow. 
conditions an curve 
straight line on semi-logarithmic graph 
paper) of correct half-thickness is ob- 


tained over a range of at least 3-4 half- 


thicknesses. If carried much beyond 
this, the curve tends to give a false 
indication of a harder component. An 
ideal absorption curve of a single y or X 
radiation is given in Fig. 13. 
In or 
X-rays are present and their energies 


cases where two more y or 
differ by at least a factor of two, the 
various components can be separated 
from the gross curve by extrapolation 
and subtraction in the order of 
creasing half-thickness as shown in Fig 
14. An analysis of this sort is impossi- 


ble, however, if the y components are 


de- 


similar in energy, in which case a more 
or less exponential curve corresponding 


to the average energy is obtained. 
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Half-thickness values for photons 





The absorbers used in determining 
half-thicknesses of photons are gener- 
ally Pb or Al. Pb is used for higher 
energy y-rays and Al for low energy 
y-rays and X-rays. Other elements, 
however, can and sometimes are used. 


Relation of Half-Thickness to Energy 
for Photons 

The energy of a y-ray or X-ray may 
be estimated from its experimentally 
determined half-thickness by means of 
the relations presented”in Figs. 15, 16, 
and 17. The curves in Fig. 15 represent 
the theoretical relations given by 
Gentner (24) for Pb (up to 3 Mev) and 
Al (up to 1 Mev). The circles are the 
data of Gentner for Pb. 

In Fig. 16 are given the relations for 
Al, Cu, and Pb in the lower energy re- 
gion from about 0.05 to 0.4 Mey The 
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plain circles represent the experimental 
data of Cuykendall (25) for Al and Cu. 
Data taken from Appendix IX of 
Compton and Allison (26) are plotted as 
circles with tails. The curve for Pb is 
drawn through plain circles representing 
the experimental data of Jones (27). 
The author is indebted to C. D. 
Coryell (28) for the curves in Figs. 15 
and 16. 

Finally, the relation for Al in the very 
low energy region from about 2 kev to 
200 kev is presented in Fig. 17. The 
data is from Appendix IX of Compton 
and Allison (26). This curve is of par- 
ticular value in estimating the energy 
of X-rays and is recommended for en- 
ergies below about 70 kev. For higher 
energies the curves of Fig. 16 are to be 
preferred. 

The author wishes to express his 


January, 1948 - NUCLEONICS 














suoj,oyd 10j AZ19Ua 0} SSOUHIIYI-j[VY Jo UONBIZy 
(gW9/9W) WV NISS3INWOIHL J1VH 
ool ol 


‘LI Old 





(AJ) ASY3INZ 





31 


NUCLEONICS - January, 1948 





appreciation to Professor C. D. Coryell 
for his advice and encouragement in the 
preparation of this paper, and to Mrs. 


BIBLIOGRAPHY 


te 


&e 


i. G. Hevesy, F. A. 


oa BD, 


. N. Feather, Proc. Cambridge Phil. Soc. 34, 


599 (1938) 


. E. Rutherford, J. Chadwick, C. D. Ellis, 


** Radiations from Radioactive Substances,” 
(Cambridge Univ. Press, London, 1930) 
F. Rasetti, “‘ Elements of Nuclear Physics,” 
(Prentice-Hall, Inc., New York, 1930) 

Paneth, ““A Manual of 
Radioactivity,’’ (Oxford University Press, 
London, 1938) 

Stranathan, 
Modern Physics,” 
Philadelphia, 1942) 


‘Particles’ of 
Blakiston Co., 


“The 


(The 


}. E. Pollard, W. L. Davidson, Jr., “ Appled 


Nuclear Physics,” (John Wiley & Son, 


Inc., New York, 1942) 


». L. D. Marinelli, R. F. Brinckerhoff, G. J. 


co 


. D. D. Lee, W. 


Hine, Revs. Mod. Phys. 19, 25 (1947) 


*. L. E, Glendenin, unpublished work 
. L. E. Glendenin, C. 


D. Coryell, Clinton 
Laboratories Memo CL-CDC-10 (1946), 
Plutonium Project Record, Vol. 9B, paper 
2.12 (1946), data declassified as MDDC 19 
(1946) 


. D. D. Lee, W. F. Libby, Phys. Rev. 55, 252 


(1939) 
F. Libby, Phys. Rev. 56, 21 
(1939) 


12. W. F. Libby, Phys. Rev. 56, 21 (1939) 
13. M. Deutsch, L. G. Elliott, Phys. Rev. 62, 


32 


558 (1942) 


14. 


16. 
16. 
f?. 


18, 
19. 


20. 


J. 8. 


J. B. Caliga for her aid in the prepara- 
tion of the manuscript. 


J. R. Downing, M. Deutsch, A. Roberts, 
Phys. Rev. 61, 389 (1942); ibid., 61, 686 
(1942) 

Plutonium Project Survey, J. Am. 
Soc. 68, 2411 (1946) 

E. B. Hales, E. B. Jordan, Phys. Rev. 62, 
553 (1942); ibid., 64, 202 (1943) 

J. L. Lawson, J. M. Cork, Phys. Rev. 57, 
982 (1940) 

A. Flammersfeld, Z. Physik, 112, 727 (1939 
G. J. Neary, Proc. Roy, Soc. (London 
A175, 71 (1940) 

L. M. Langer, M. D. Whitaker, Phys. Rev 
61, 713 (1937) 

Marshall, Proc. Roy. Soc. (London 
A173, 391 (1939) 


Chem 


. J.8. Marshall, A. G. Ward, Can. J. Research 
15, 29 (1939) 

. W. F. Libby, Anal. Chem. 19, No. 1, 2 
(1947) 

. W. Gentner, J. phys. radium 6, 274 (1935); 


Phys. Zeit. 38, 836 (1937) 


5. T. R. Cuykendall, Phys. Rev. 60, 105 (1936) 


A. H. Compton, 8. K. Allison, ‘“ X-Rays 
in Theory and Experiment,” (Van Nos- 
trand, Co., Inc., New York, 1935) 


. M. T. Jones, Phys. Rev. 60, 110 (1936) 
. G. T. Seaborg, C. D. Coryell, 8. G. English, 


V. C. Wilson, R. A. James, Metallurgical 
Laboratory Report CL-440 (1942), declas- 
sified as MDDC 763 (1947 





In spite of the success of the declassification program, and 
in spite of the sensible approach of the AEC towards the re- 
search program, there are necessarily some unpleasant aspects 
in the regulation of the field of atomic energy. 

The control of information and research involves a cumber- 
With the broadest program 
and the greatest effort to speed declassification, the AEC can 
hardly eliminate the inconvenience and time lag at present 
apparent in the interchange of information between AEC scien- 
tists and the world. Even within the AEC, information is 
channelized prior to the formal act of declassification, and the 
speed with which new ideas and new techniques spread is thus 


some, bureaucratic mechanism. 


reduced still further. 


An artificial barrier is created between 
science inside and outside the AEC. 


—B. J. Bok, F. Friedman, and V. Weisskopf, 
Bulletin of the Atomic Scientists, November, 1947 
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CHEMICAL PROCESS CONTROL WITH RADIOACTIVITY 


Despite availability of radioisotopes, obstacles such as lack 
of full realization of their potentialities, government regula- 
tions, and scarcity of qualified technical personnel are tem- 


porarily retarding their industrial applications. 


Possible uses 


in rayon industry and radioactivity equipment are discussed 


By ALAN P. SCHREIBER 


Tracerlab, Inc., Boston, Mass 


RADIOISOTOPES became available 
Oak Ridge a little more than a 
vear ago, much publicity has been given 
to advances in fundamental research 
ind in the field of medicine which have 


SINC 


irom 


heen brought about through the use of 
radioisotopes. It will be noted, how- 
ever, that little except vague generalities 
has been written about new develop- 
nents which may be expected within 
the next few years from the application 
of radiosotopes and tracer techniques 
both in the 
industrial 


‘ 


to industrial problems, 


plant and in the research 
laboratory. 

Such a situation is to be expected be- 
cause, prior to the Manhattan Project, 
few people had dreamed that we would 
ever have inexpensive radioactive mate- 
rials of widely varying characteristics 
ivailable in the relatively large quanti- 
ties required for industrial purposes. 
Until last year, the minute quantities of 
radioisotopes available from cyclotrons 
was of such a low order of magnitude 
that few workers in radioactivity con- 
ceived of their use in large scale indus- 
trial processes where daily consumption 
might run in millicuries instead of a few 
microcuries as in typical pre-war re- 
search projects. 

The sudden availability of radioiso- 
topes in relatively enormous quantities 
with widely varied chemical and physi- 


cal characteristics has required an 
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adjustment in the way of thinking of 
scientists and engineers. Many do not 
have a concept of the potentialities of 
radioactivity in industry, while others 
must overcome inertia to change on the 
part of industrial management before 
concrete work can be started in the 
direction of utilizing this new and won- 
derful tool to serve industry. 
Furthermore, government regulations 
regarding the use of radioisotopes have 
not yet given industry full encourage- 
ment to begin development of industrial 
applications of radioactivity. How- 
ever, steps are now being taken by the 
AEC to improve this situation. Up to 
the present, radioisotopes have been re- 
stricted to use in publishable research, 
either fundamental or applied, and for 
medical purposes. No provision has 
yet been made for permitting their 
utilization in any industrial process. 
The chemical industry, in particular, 
has been built on a highly competitive 
basis and process secrets are numerous 
Hence, some manufacturers are reluc- 
tant to pursue research on potential 
industrial applications because of the 
requirement that results of such work 
be freely available to others. Also, the 
patent on discoveries of 
patentable processes utilizing radioiso- 
topes is not entirely clear regarding the 
right to exclusive use by the inventor or 
Litigation proceedings of 
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situation 


his assignee. 











one or more test cases in a court of law 
will be the only certain means of clarify- 
ing this issue. 

The questions arising from potential 
health hazards both to plant workers 
and to the consumer are further de- 
terrents to activity in the industrial 
field. Despite the excellent safety 
record of the Manhattan Project, there 
still remains the unanswered question 
of the long term effects from continued 
exposure of personnel to less than the 
currently accepted conception of toler- 
ance radiation dosage. 

There is the ever present threat of 
nuisance suits instigated by consumers 
against manufacturers who permit 
products to leave their plants containing 
small amounts of residual radioactivity. 
Keeping the radioactivity remaining 
in finished products at a level far below 
tolerance will not be difficult; neverthe- 
less, even minute amounts of radio- 
activity in consumer products may, for 
a time, cause the manufacturer con- 
siderable embarrassment due to lack 
of understanding on the part of the con- 
sumer and to inadequate precedent in 
court rulings on damage suits involving 
low concentrations of radioactivity. 

Literally tens of thousands of poten- 
tial industrial uses of radioisotopes 
exist, since virtually every industry can 
profitably utilize the properties of one 
or more of the hundred odd radioiso- 
topes whose half-lives and availability 
permit their consideration for industry. 
At present there is need for serious and 
penetrating consideration of the po- 
tentialities of radioisotopes in industry. 
Active development is needed for those 
uses which can do a more efficient job 
than currently available methods in 
improving process control and quality, 
lowering processing costs by saving 
labor and material, or serving as a 
warning mechanism to protect per- 
sonnel from health hazards inherent in 
a process. 

To get some conception of the indus- 
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trial usefulness of radioactivity, con- 
sideration will be made of how the rayon 
industry might use radioactivity and 


tracer techniques. The rayon industrp 
is chosen not because it is particularly 
adaptable to these techniques but rather 
because uses adaptable to this industry 
are typical of those which could be used 
in many other industries such as rubber, 
plastics, fine chemicals, petroleum re- 
fining, and paper. 


Iustrative Examples 
Before making an analysis of the 
rayon should be clearly 
understood that many of the uses of 
radioactivity which will be described 
have not yet been seriously investigated 
The ex- 


process, it 


as commercial possibilities. 
amples given are merely illustrative of 
what might be done rather than what 
has been done or what is contemplated 
in the immediate future. 

A flowsheet of the principal steps in 
manufacturing rayon by the viscose 
process is shown in Fig. 1. Briefly, the 
process is as follows: Cellulose, usually 
in the form of sulfite paper pulp, is 
treated with caustic to form alkali 
cellulose. Carbon disulfide is then 
reacted with the alkali cellulose to 
produce cellulose xanthate, a crumbly 
solid. The xanthate is formed into a 
solution of high viscosity by the addi- 
tion of water and sodium hydroxide. 
This solution, called viscose, is forced 
under pressure through spinnerettes 
containing tiny holes into a coagulating 
bath to form yarn filaments. The 
filaments are then washed and passed 
through a desulfurizing bath to com- 
pletely remove all residual sulfur. 
They are next coated with a lubricant 
such as sodium oleate, a polyvinyl 
alcohol, or a petroleum base oil. 

From this point, many alternatives 
in processing are possible. The fila- 
ment may be coated with other 
materials such as starch, sizing com- 
pounds, mildew-resistant materials, 
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Flowsheet showing principal steps in the viscose rayon process 





compounds, or flame- 
These steps take 
nlace both before and after weaving 
into fabric. The rayon is then dyed 
by any one of a number of alternative 
processes and finally emerges as the 
finished 


vaterproofing 


proofing substances. 


product. 


Radiosulfur for Process Control 

If tracer quantities of radioactive sul- 
fur-35 as carbon disulfide are added in 
the xanthating process, there are several 
uses to which it could be put in process 
control. 

A part of the sulfur is removed in the 
coagulating bath and the rayon fila- 
ment is completely freed of it in the 
desulfurizing bath. Continuous routine 
check of sulfur removal can be made by 
placing a Geiger-Miiller counter in close 
proximity to the rayon filament or the 
through which it 
Since the radioactive sulfur is a fixed 
proportion of total sulfur present, the 
total amount of sulfur removed in the 
oagulating bath can be quickly deter- 
mined. Also a check is easily made 
ifter the desulfurizing bath to deter- 
mine whether complete removal of 
sulfur has resulted. It is quite possible 
that automatic electronic controls could 
be devised to keep the coagulating and 
desulfurizing baths within predeter- 
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solutions passes. 


mined concentration ranges by coupling 
the output of the G-M tubes through a 
suitable servomechanism to valves on 
chemical solution tanks. 

A health exists at 
stages in the process. Hydrogen sul- 
fide, carbon disulfide vapor, and mer- 
captans, all highly poisonous, are 
liberated in the coagulating bath. The 
use of carbon disulfide tagged with S* 
“an alleviate this hazard. Since the 
sulfur in both the hydrogen sulfide and 
in the mercaptans originates in the car- 
disulfide, these compounds will 
also contain radiosulfur. Radioactiv- 
ity monitoring devices placed in areas 
where leaks are likely to occur can be 


hazard several 


bon 


made to sound an alarm when sulfur 
containing gas or vapor escapes. 

Such monitoring devices can be made 
sufficiently sensitive so that they will 
detect a leak before plant personnel will 
smell the odor of the escaping gas. 
Even more useful is a portable radio- 
activity detection instrument for locat- 
ing the exact spot at which the leak is 
occurring. The low-energy beta radia- 
tion of S** makes it somewhat difficult 
and expensive to use for this purpose; 
however, it can be made to operate 
successfully. An alarm system such as 
this should prove even more valuable in 
plants processing highly poisonous gases 
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FIG. 2. Specific gravity indicator utiliz- 
ing backscattering measurements. 








which do not have distinctive odors or 
which are cumulative poisons. 

In preparing the viscose solution, 
cellulose xanthate crumbs are dissolved 
in sodium hydroxide to form a solution 
of a predetermined concentration. The 
dissolving and dilution process can be 
controlled by 
radioactivity techniques. A patent has 
been granted to D. G. C. Hare* for 
determining specific gravity of fluids 
by measuring backscattering of radioac- 
tivity from the solution being measured. 

Briefly, Hare’s method is as follows: 
A collimated source of hard gamma 
radiation is placed outside of the con- 
tainer holding the liquid for which the 
The radia- 


automatically use of 


specific gravity is desired. 
tions impinge at an acute angle on the 
container wall. A G-M counter cou- 
pled to a counting-rate meter is mounted 
to receive scattered radiation from the 
gamma source. A lead shield is placed 
between the counter and the source of 
radiation, absorbing virtually all radia- 
tion from the radioactive source which 
is emanating in the direction of the G-M 
counter. Fig. 2 shows a diagrammati- 
cal representation of the apparatus. 


*D. G. C. Hare, U. 8. Patent 2,304,910. 
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4 substantial portion of the rays enter 
through the container wall into the solu- 


tion. The rays are scattered within the 
fluid in the container and the amount 
of scattering per unit volume depends 
upon the density and composition of 
the fluid. Considerable scattering wil! 
result as the rays pass through the 
container wall but with a knowledge 
of the density and thickness of the 
wall, a constant correction factor can 
be applied. A portion of the scattered 
reflected back to the G-M 
counter, the counting rate detected 
being a function of the intensity of the 


rays are 


gamma source and the density and 
thickness of the materials upon which 
the rays have impinged. For a given 
system, the counting-rate meter can be 
salibrated to read directly in specific 
gravity. 

Hare states in his patent that this 
device has been used with a high degree 
of reproducibility in measuring fluid 
densities between 0.7 gms per cm® and 
1.0 gms per cm? in a pipe 65¢ in. o.d 
with a wall thickness of 0.3 in. 

An instrument such as this can be 
easily coupled to valves automatically 
controlling the amount of caustic and 
water to be used in dissolving a batch of 
cellulose xanthate to form a solution of 
predetermined specific gravity. 

If desired, a higher degree of accuracy 
can be attained without the necessity 
of shielding the G-M counter by placing 
the source of gamma activity within the 
tank and measuring the amount of 
radioactivity detected by a G-M tube 
placed outside the container. Meter 
calibration in units of specific gravity 
can easily be made. 

The backscattering phenomenon has 
many useful applications.t For exam- 
ple, with a similar instrument to that 
shown schematically in Fig. 2, piping 
and tanks can be inspected for internal 
corrosion without draining or interfer- 


t Oil Gas J. 44, 106 (June 30, 1945). 


January, 1948 - NUCLEONICS 











A 


ing with the process in any way. If the 
density of the liquid in a pipe and the 
material from which the pipe is made are 
known, then it is not at all difficult to 
calibrate the counting-rate meter in 
terms of pipe wall thickness. 

rhis instrument integrates pipe wall 
thickness over an area of roughly a 
square inch and will measure thickness 
to within about 5%. Such equipment 
is now made commercially and is par- 
ticularly valuable in industrial processes 
where corrosion problems are serious. 
It does have the limitations of being 
nsensitive to deep pitting and scale 
corrosion where corrosion products 
idhere to the metal. 


Liquid Level Gauge 

\ liquid level gauge utilizing radio- 
ictivity has recently been developed* 
to indicate liquid level in any tank used 
in the manufacture of rayon. This 
gauge is particularly useful where highly 
orrosive liquids are to be measured or 
where it is desired that the tank have no 
openings through which gas or vapor 

in leak. A float containing a hard 
gamma emitter, which is constrained to 
vertical movement, is placed inside the 
tank. A G-M counter coupled to a 
counting-rate meter calibrated in liquid 
depth is mounted directly above the 
float and outside of the tank. 

\s the distance between the radio- 
ictive fleat and the G-M_ counter 
changes there is a corresponding change 
in the detected counting rate which is 
indicated on the calibrated meter. 
rhe output of the G-M counter can be 
itilized to open a filling valve when the 


liquid falls below a predetermined level. 
Fig. 3 shows a diagrammatical repre- 
sentation of this equipment. 

There are a number of processes in 
rayon manufacture in which the rayon 
is coated, such as the lubricant coating 


*L. S. McCaslin, Jr., Oil Gas J. 46 (25), 100 


Oct. 25, 1947) 
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FIG. 3. Liquid level indicator utilizing 
a radioactive float and a G-M counter at 
the top of the tank 





process which may utilize sodium oleate, 
polyvinyl alcohols, petroleum base oils 
or other lubricating compounds to 
facilitate winding and twisting opera- 
tions. A uniform coating is required, 
otherwise inferior yarn may result. 
Radioactivity incorporated into the 
lubricant will permit precise measure- 
ment of the amount deposited on the 
filament. Recently considerable inter- 
est has been expressed in this method 
for research work on optimum coating 
thickness. Little is known regarding 
the amount of lubricant which should 
be deposited for best operation. 

A further use of this technique is 
automatic regulation of lubricant coat- 
ing thickness in the industrial process. 
A G-M counter in close proximity to the 
filament just after it has been coated 
with the radioactive lubricant will con- 
tinuously indicate the film thickness. 
If the output of the G-M counter were 
electronically coupled to the lubricant 
control valves by a suitable servo- 
mechanism, the amount of lubricant 
coated on the filament could be con- 
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tinuously and automatically controlled. 
Too little activity on the filament would 
open the valve, whereas too much would 
close it. 

Later in the process, the lubricant is 
removed and replaced by various sizing 
compounds. These sizing compounds 
are frequently removed at a later point 
in the process. Radioactivity can be 
utilized for controlling the amount of 
size put on the fibers by methods similar 
to that described for the lubricant coat- 
ing. Also it can control the removal 
process. As the fabric or filament 
passes through a washing bath it can 
be monitored by a G-M_ counter 
to check for complete removal of 
coating compounds containing radio- 
active tracers. 

Rayon fabrics are sometimes chemi- 
cally coated to make them fire-, mil- 
dew-, or water-resistant. If a radio- 
isotope were compounded with the 
coating material, it would be a simple 
matter to control uniformity and thick- 
ness of the coating. 


Dye Control an Art 


Dyeing process control is for the most 
part an art rather than a science be- 
‘ause so many independent variables 
are present. Radioactivity can be of 
considerable assistance in controlling 
two of these variables, namely the dye 
concentration in the dye bath and the 
weight of dye absorbed by the fabric. 
The continuous dyeing process in which 
fabric is passed through a dye vat in a 
continuous length is particularly adapt- 
able to this type of control. If one or 
more radioactive atoms were incorpo- 
rated into the dye molecule and tracer 
quantities of it were mixed with the 
normal dye, the concentration of dye 
present in either the cloth or the dye 
vat could be continuously and auto- 
matically determined by G-M counters. 
Electronically actuated controls can 
regulate the dye bath concentration in 
such a way that the weight of dye per 
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unit area of cloth emerging from the dye 
bath will be a predetermined constant. 


Process controls such as these will 
eliminate substantial variations in 


shade between the beginning and the 
end of a dyeing run which sometimes 
result with presently used methods of 
control. 


Problem of Static Charges 

The fact that rayon and almost all 
other textile fabrics collect static 
charges as they run through the various 
stages of processing at high speed 
causes considerable difficulty in han- 
dling. The steps preparatory to twist- 
ing or spinning into the finished yarn 
must sometimes be slowed down when 
the static charge becomes excessive. 
Oceasionally spark discharges are such as 
to constitute a fire or explosion hazard. 
In the past, textile mills installed 
humidifying units to eliminate the 
static problem. These were extremely 
expensive to install and were uncom- 
fortable for plant workers. Recently, 
use of radioactivity has offered a solu- 
tion to this problem in textile and paper 
mills and in printing plants where 
elimination of static charge sometimes 
permits presses to more than double 
their output. 

The ionizing properties of alpha 
radiation are found to be an ideal solu- 
tion to the static charge problem. 
Beta radiation is also satisfactory but is 
not nearly as efficient an ionizing source 
per centimeter of path length as are 
alpha particles. To discharge static 
electricity from a moving strip of tex- 
tile, a source of activity is suspended an 
inch or two over the material. The air 
in close proximity to the source of 
radioactivity becomes highly ionized 
from the alpha or beta particles, causing 
the charge on the moving strip to leak 
off and become neutralized. 

Up to the present, only radium and 
polonium have been used commercially 
as static charge eliminators. They 
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both possess serious limitations. Ra- 
dium, in equilibrium with its disinte- 
gration products, emits large amounts 
of gamma rays in proportion to the 
desired alpha and beta emissions. This 
s extremely dangerous for operating 


personnel unless the radium source is 
properly shielded and placed away from 
close proximity to working areas. The 
imount of radium which can be used 
for this purpose in an industrial plant is 
limited by this health factor. Such an 
installation is not feasible in numerous 
instances due to the weight and bulki- 
ness of the required lead shielding. 

Polonium, on the other hand, is a 
pure alpha emitter and an ideal sub- 
stance both from the point of view of 
ionizing efficiency and health hazard. 
However, it possesses a serious draw- 
back. The half-life of polonium is only 
140 days and an industrial static dis- 
charge installation utilizing this mate- 
rial will remain efficient for only a 
relatively short time resulting in high 
upkeep cost. 


Use of Artificial Radioisotopes 

It is believed that artificial radio- 
isotopes may successfully solve the 
problem of how to compromise between 
a static discharge eliminator using a 
material which constitutes a serious 
potential health hazard and a material 
whose usefulness is limited by its half- 
life. The ideal material for this pur- 
pose is plutonium-238 which emits pure 
alpha radiation of sufficient energy to 
give the desired amount of ionization 
ind has a half-life sufficiently long to 
cause no appreciable loss of efficiency 
over an extended period of time. How- 
ever, since there are no indications that 
plutonium will be released for industrial 
use in the foreseeable future, it will be 
necessary to resort to other materials. 
A number of beta emitters of promising 
characteristics are available from Oak 
tidge but to date little, if any, develop- 
ment work has been done to make a 
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commercial static charge eliminator 
from any of them. 

A further interesting problem now 
causing difficulty in textile mills holds 
promise of solution through radioactiv- 
ity techniques. Frequently needles, 
tenterhooks and other small metal 
pieces from processing equipment be- 
come enmeshed in the textile fabric 
prior to the final ironing process. 
When passing through the heavy iron- 
ing rolls which press upon the cloth with 
considerable pressure, these small metal 
pieces score the rolls. This causes lost 
machine time and additional expense as 
the rolls must be periodically reworked 
to smooth the scored surface. A prob- 
lem such as this can be easily solved by 
plating a small amount of a radioiso- 
tope, such as cobalt-60, on the metallic 
parts subject to breakage. A long 
G-M counter extending the width of the 
fabric can be mounted in proximity to 
it just before it enters the ironing rolls. 
When a piece of radioactive metal 
passes under the counter, it will actuate 
electronically operated controls causing 
the ironing machine to be shut off before 
the metallic particle reaches the rolls. 
A portable radioactivity survey instru- 
ment is then used to find the exact loca- 
tion of the particle so that it can be 
removed by the machine operator. 


Industrial Research 

Radioactivity as a tool for industrial 
research in the rayon industry has many 
potential uses. Little is known of the 
reaction mechanism taking place in 
dyeing processes. It is sometimes diffi- 
cult to determine just where the dye 
is absorbed and how much is absorbed. 
Chemical reactions in dyeing processes 
are not well understood. Much re- 
mains to be learned about the effect of 
washing upon dyes, soap retention of 
various types of fibers, and the mech- 
anisms of fading. The answer to these 
and other questions confronting the 
textile chemist can undoubtedly be 
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answered through skillful application of 
radioisotope techniques. 

Rayon manufacturers are sometimes 
troubled by “cratering”’ of spinnerettes. 
Deposits of foreign materials containing 
elements such as calcium, barium, iron, 
aluminum and many others build up 
around the spinnerette holes. Up to 
the present, the source of this deposit is 
not known. It may from the 
coagulating bath and it may be brought 
into the spinning tank by the viscose. 


come 


Tracer experiments can determine the 
source of these deposits and might give 
some indication as to how they can be 
completely eliminated. 


Cellulose Problem 

In cellulose itself, there lies a chal- 
lenge to the radiochemist. A part of 
the cellulose which enters the process as 
a raw material disappears through dis- 
solving or nonreactivity. For every 
pound of finished yarn which is pro- 
duced, it is necessary to use 1.12—-1.25 
pounds of cellulose pulp. If the cellu- 
lose which is lost in the process due to 
nonuniform chemical characteristics of 
the sulfite pulp were eliminated in the 
manufacture of the pulp, then consider- 
able savings might be effected. It is 
known that alpha cellulose is much less 
susceptible to dissolving in the caustic 
treatment prior to xanthating than are 
either beta or gamma cellulose. If a 
means were found for tagging cellulose 
molecules with radioactivity, then con- 
siderable knowledge could be gained 
both for solving this specific problem 
and to aid in better understanding the 
fundamentals of cellulose chemistry. 

The mechanism by which free sulfur 
appears in the coagulating bath and in 
the yarn is not fully understood. 
Sodium sulfite is added in the xanthate 
dissolving process to retard the appear- 
ance of coagulable cellulose. It is not 
known whether the sodium sulfite pro- 
duces more sulfur in the yarn than does 
the carbon disulfide which reacts to 
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Tracer amounts of 


form the xanthate. 
S* incorporated into either carbon di- 
sulfide or sodium sulfite molecules can 
follow the course of sulfur from either 


source. 
The presence of small amounts of 
manganese, iron, copper, chromium 


and certain other metallic ions in the 
viscose solution have resulted in produc- 
filaments of inferior 
materials ac- 


tion of rayon 


characteristics. These 
celerate the ageing and ripening process 
and if properly controlled they might 
be advantageously utilized to shorten 
the time required for ageing and ripen- 
ing. Radioisotopes could be used in 
studies to determine the lower limit of 
metallic ion concentration which affects 
the ageing and ripening rate, since this 
lower limit may well be below that 
detectable by conventional chemical 
methods. 

In all industrial 
radioactivity, considerable care must be 
exercised in choosing the proper level 
of radioactivity concentration and the 
proper radioisotopes so as to eliminate 
the health hazards of excessive radia- 
tion exposure of plant personnel. 
Every effort should be made to utilize 
isotopes of fairly short half-lives and 
with as low an energy level as is con- 
sistent with desired sensitivity of the 
instrumentation. In 
un- 


applications of 


process control 
locations where the radiation is 
shielded from plant personnel, it is 
quite important that only alpha or beta 
emitters be used unless gamma emitters 
in low concentration can be satisfac- 
torily utilized. 


Activity in Final Product 


A further point of importance in 
considering industrial applications of 
radioactivity is the amount of activity 
remaining in the finished product. 
Most of the uses described in this article 
provide for removal of the radioactive 
material during the process. In the 
instances where this is not the 
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case, radioisotopes of short half-life 
should be used in sufficiently low con- 
centrations as to constitute no health 
hazard to the ultimate user. Thus, it is 
evident that the extent to which radio- 
activity can be used in processes where 
it is not removed from the finished 
product is limited by the number of 
radioisotopes which have both the 
requisite chemical properties and a short 
half-life. 

At least 88 elements have one or 
more radioisotopes which have half- 
lives sufficiently long to be considered 
for use in industrial processes and are 
ivailable from natural sources, from 
pile irradiation or from cyclotron 
bombardment. However, it is un- 
likely that radioactivity will cause 
widespread revolutionary changes in the 
process industries within the next 
several years because of inertia, lack of 
personnel trained in the field of radioac- 


tivity, and the fact that the advantages 
gained in utilizing tracer techniques are 
frequently out of proportion to the 
required capital outlay 

Undoubtedly radioactivity will very 
shortly be called upon to solve many 
problems which have seriously troubled 
industry for some time and for which 
no satisfactory solution has been found 
These will be 


the first and probably the more spec- 


in any other method 
tacularapplications. After that, imagi- 
nation, economics, and ingenuity will 
determine the future course of radio- 
activity in industry 

The writer would like to express his 
indebtedness to M. H. Gurley of the 
Esselen Research Corporation, R. B. 
Finch of MIT, F. C. Henriques, Jr., 
of Tracerlab, Inc., and Simon Williams 
of the Lowell Textile Institute for their 
helpful suggestions regarding the sub- 
ject matter of this article. 





The true responsibility of a scientist, as we all know, is the 


integrity and vigor of his science. 


And because most scientists, 


like all men of learning, tend in part also to be teachers, they 
have a responsibility for the communication of the truths they 
have found which is at least a collective if not individual re- 
sponsibility. That we should see in this any insurance that the 
fruits of science will be used for man’s benefit, or denied to man 
when they make for his distress or destruction, would be a gross 


and in some ways tragic naiveté. 


J. R. Oppenheimer, Little Memorial Lecture, MIT, 
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Applications of Probability Theory 
to Nuclear Particle Detection 


(PART 2) 


This is Part 2 of the second article of a series devoted to the 
principles underlying the design and use of radiation measur- 
ing and detection instruments. The experimental measurement 
of the ‘dead time’’ of a counting system, statistical considera- 
tions for ionization chamber and ratemeter circuits, and 
methods for controlling the time constant are discussed 


By L. J. RAINWATER and C. S. WU 


Pupin Physics Laboratory, Columbia University 


IN THE FIRST PART of this article,* a 
theoretical derivation and discussion of 
the counting losses caused by the 
“dead” or insensitive time of Geiger- 
Miiller counters, mechanical registers 
and associated circuits was presented. 

It was shown that, in obtaining ac- 
curate information on counting rates 
by counters, it is necessary to correct 
for the counts missed because of these 
insensitive times. The counting losses 
due to the finite resolving time of a 
mechanical register can always be re- 
duced to a negligible amount by employ- 
ing a scaling circuit of sufficiently large 
scaling ratio so as to decrease the out- 
put rate and to regularize the intervals 
of output pulses. 

The resolving time of the associated 
electronic circuits can be neglected only 
if the circuit is properly designed so 
that the resolving time of the circuit is 
short in comparison with the dead time 
of the G-M counter. Unfortunately, 
this fact has often been overlooked in 
practice. The dead time of a G-M 
counter is fundamentally inherent in 


* Nuc.eonics, Vol. 1, No. 2, 60 (1947) 
The numbering of equations and illustrations 
in Part 2 is a continuation from that of Part 1 


42 


the counter discharge mechanism itself. 
It is mainly determined by the dimen- 
sions of a counter and its gas contents. 
It represents an insensitive time be- 
tween the time when a counter registers 
a count and the time at which it has 
recovered sufficiently to register another 
count and is usually of the order of 107 
to 10~* seconds. 


Method of Measuring Dead Time 

Measurements of a counter system 
‘dead time” or insensitive time r al- 
ways make use of the separate measure- 
ments of the activities of two or more 
radioactive samples and the measure- 
ments of their counting rates when 
taken in combinations. The amount 
by which the rate for more than one 
sample taken at once is less than the 
sum of the separate rates (after the 
background has been subtracted) is 
used for the calculation of r. Although 
the method of plotting the complete 
curve using many sources is the best 
in principle, it is difficult and tedious 
to carry out with suitable accuracy and 
the procedure described below using 
only two radioactive samples is usually 
used where equation 29 is assumed to 
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ipply. The procedure is: 

1. Measure the background rate, B, 
with both samples removed. 

2. Move sample 1 near the counter 
to give a counting rate of about 50 to 
1,000 counts per sec depending on +. 
Let the total input rate, including 
background, be (N; + B) and the 
output rate be (nm; + B). 

3. Without disturbing 
move sample 2 to a position where the 


sample 1, 


counting rate approximately doubles 
The samples should be placed so that 
each does not scatter or absorb the 
radiation reaching the counter from the 
other sample. Let the combined input 
(Nie + B) = (N; + Ne + B) 
ind the output rate be (mi2 + B). 
4. Remove sample 1 without 
Let the input and 
output rates including background be 
V2 + B) and (nz + B). 

When the gamma 
radium sources is used, 


rate be 


dis- 


turbing sample 2. 


radiation from 
the Geiger 
counter should be shielded on all sides 
thick lead to reduce 
scattering effects. The 
will then be 
reproducible. 

If B < N, and Nz (as it should be), 
then N;, Ne, Nis, m1, ne, and ny are the 
counts corrected for background. Let 
A = (nm; + nz — riz) be the amount by 
which the measured rates fail to be ad- 
Multiplying together the two 
forms of equation 29 and separating 
gives (1 + Nr) = (1 Writing 
such an equation for each case and 
subtracting the combined term from 


with outside 
values of + 
and 


measured constant 


ditive. 


— nr), 


the sum of the separate terms gives 


1 — myr)~! + (1 — ner)! — (1 — myer)! 


1. Expanding and clearing gives 


tr? — 2r/nio + A/nynenie = O or 
/ Ll, or 
r = 1/ny2il — (1 — Anye/nyne)’*] (35) 
Since nyA/nyn;K 1 we may use 


l+e 1 + «/2 to give 


tr = A/2nine 
= (n; + Ne — Nye) 2nine 
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(36) 


This is also obtained by neglecting 
the r* term in the quadratic equation 
above. 


Uncertainty of Results 

Since A is the difference 
quantities which are nearly equal, small 
and 


between 


fractional uncertainties in mn, noe, 
nie cause a relatively large fractional 
errorinAandthusinr. The final result 
of a series of counting measurements 
may often involve taking the sum and 
difference of individual counts or some 
more complicated relation such as that 
in equation 36. It is therefore impor- 
tant to consider the uncertainty of such 
a result in terms of the separate uncer- 
tainties of the individual measurements. 
Since space does not permit a detailed 
derivation of the answer to this general 
problem, the applicable rules are stated 
below without proof. 

1. If the sum or difference of a series 
of numbers is taken, the dispersion o? 
of the result is the sum e,? of the dis- 
the separate 
equation 7). The standard deviation 
o is thus the square root of the sum 


persions of terms (see 


of the squares of the separate standard 
deviations o;. 

2. If a series of numbers is combined 
by multiplication or division, the frac- 
tional standard deviation (¢/N) of 
the result is the square root of the sum 
of the individual fractional standard 
deviations [= (o,;/N;)?!'*. 

3. If a number Nj, is raised to the 
mth power, the fractional standard 
deviation (¢/N) of the result is m times 
the fractional standard deviation 
(o;/N;) of Ni. 

The standard deviation 
equation 36 may be obtained in a 
simple form if only the fractional un- 
certainty in A is considered important 
and n; ~ n2 ~ ni2/2 is assumed. Us- 
ing equation 15 and the above rules, 
it may be shown that 


=, Ge) 
ahi n\n, \2T 


o of +r in 





(37) 
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Here nj, m2, and ny. are in counts per 
sec and 7’ is the time in seconds spent 


measuring each of these numbers 


Effects of Associated Circuits 
The effects of the resolving time of 
electronic circuits on the measured dead 
time of a G-M counter are well illus- 
trated by the following experimental 
results. With a 
in a fixed position relative to a fast 


radioactive source 


Geiger counter which is connected to 
the slow amplifier circuit of Fig. 4a, the 
counting rate was measured as a func- 
tion of the counter’s high voltage for 


18000 
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< 
x 
9 6000 
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z 
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° 
° 
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FIG. 5. 





different values of the amplifier grid 
bias. These “plateau curves” (Fig. 5 
all had long, flat regions occurring in 
the same voltage interval, but the 
‘“‘plateau”’ counting rates were different 
for different grid bias values. 

The grid adjustment was obtained 
by means of the 1,000-ohm potentiom- 
eter. When the grid was biased more 
negatively, the output pulses seemed 
sharper; therefore, the ‘“‘dead time” 
was measured as a function of grid 
bias, as discussed below. In the table 
of results, the second column lists the 
observed plateau rate, the third column 


1320 1360 1400 1440 1500 


VOLTAGE IN VOLTS 
Plateau curves for a tetramethyl-lead filled counter connected to the slow 


amplifier circuit of Fig. 4a. The separate curves are for different amplifier tube grid 
bias values. 


ad 
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the measured dead time, and the fourth 
column the plateau rate corrected for 
dead-time losses. The results in the 
last column agree within the experi- 


mental error. 


Bias n (per N (per 
volts min) r (sec) min) 
18 10,000 13.4 x1074 12,900 
5.0 11,300 7.5 X1074 13,100 
5.2 11,600 5.5 X10™ 13,000 
5.6 12,300 3.25 x 104 13,200 
6.0 12,700 1.93 k 1074 13,200 


This data indicates that the high 
frequency response of the amplifier 
s poor and is the limiting factor in 
Furthermore, the 
sensitive dependence on grid bias is un- 


the resolving time. 
desirable. The improved amplifier cir- 
uit shown in Fig. 46 was then built 
ind the counter response was again 
measured as a function of high voltage 
for different grid bias values. The 
plateau” curves again had flat plateau 
regions several hundred volts long but 
this time the values were nearly inde- 
pendent of grid bias even for counting 
rates of about 30,000 counts per min. 


r cpm 
8.0 465.2 * 64 
6.0 470.4 X 64 
5.0 472.6 X 64 
1.0 474.2 x 64 
3.0 472 8 xX 64 
2.0 458 2 x 64 


Dead-time measurements gave these 


results: 
Bias (volts rT (sec) 
2.4 (3.9 + 0.6) xk 10 
3.4 (4.6 + 0.5) xk 10 
4.0 (5.0 + 0.7) x 10°5 
6.0 (4.5 + 0.6) kK 10° 
7.4 (3.5 + 0.7) x 10 


The dead time indicated above is due 
entirely to the counter and is constant 
within the accuracy of the measure- 
ment. It is unusually small because of 
the low gas pressure used. The counter 
is a medium-size tube counter having 
a fine mesh Ni screen cathode and 
filled only with 17-mm_ pressure of 
tetramethyl-lead vapor. 
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Ratemeters and D-C Electrometers 
An ionization chamber connected to a 
d-e electrometer is often used for the 
measurement of the strength of radio- 
When a drift method 
is used such that the change in deflection 


active samples. 


is proportional to the integrated inten- 
sity during the measuring interval, the 
statistical considerations leading to 
equations 9 and 16 will stillapply. The 
uncertainty will actually be larger than 
is indicated by these equations, how- 
ever, since the amount of ionization 
produced by each ionizing particle is 
not constant. This will produce even 
greater fluctuations in successive meas- 
urements than the fluctuations due 
simply to the variation in the number of 
In gen- 
eral, though, the statistical considera- 


particles producing ionization. 


tions are about the same as for counting. 

When a direct-reading electrometer 
circuit is used with an ionization cham- 
ber, or when a ratemeter circuit is used 
with a counter system, the reasoning is 
considerably altered. Most such cir- 
cuits have a single time constant 7 and 
have a response similar to that of the 
In Fig. 6, 
the instantaneous current J,(t) through 
the ionization chamber is proportional 


basic circuit shown in Fig. 6. 


to the instantaneous intensity of ion- 
ization. The shunt capacitance C and 
the restoring resistance R are indicated. 
The output meter /,,(¢) is proportional 
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FIG. 6. Basic electrometer circuit with 
ionization chamber 


45 








to the voltage across C or the current 
through R. J/,,(¢) is related to J.(t) by 
the relation 


Im(t) = 1/7 if I(t — \)e~*/tdX_~— (38) 


which weights input events \ seconds 
earlier by a factor proportional to 
e/? where r = RC is the “time con- 
stant” of the circuit. Thus, if C = 
10 wuf and R = 10" ohms, 7 = 1 sec. 
The following features may be noted 
concerning the behavior of such a 
system. 

1. The percentage fluctuations of the 
instantaneous readings, when measuring 
the activity of a source of ‘‘constant”’ 
intensity, will be of the same order of 
magnitude as the fluctuation of succes- 
sive total drift measurements taken 
over time intervals t = 7. Thus, for 
7 = 1 see and an incident intensity of 
100 particles per sec the fluctuations of 
the instantaneous readings from the 
mean will be of the order of 10% 
whereas r = 100 sec is required for the 
fluctuations to be only ~ 1%. 

2. When a new sample is to be meas- 
ured, several time-constant intervals are 
required for the system to ‘‘forget’”’ the 
previous sample. Thus, ¢ = 2.3; is re- 
quired for 90% emphasis on events after 
the sample was changed. Similarly, 
t = 4.67 is required for 99% emphasis 
and ¢ =6.9r for 99.9% emphasis. 
Combining the requirements for small 
fluctuations of the reading and >99% 


emphasis of the new sample intensity 
means that a long wait is required 
before the reading may be taken when 
very weak intensities are measured 
For this reason, it is customary to use a 


relatively shorter time constant and to 
average the reading over a_ suitable 
period, either from a permanent record- 
ing of the output or by visual observa- 
tion of.the meter. 

3. If a relatively insensitive system is 
used, it is necessary to have very large 
Short- 
time-constant circuits may then be used 


numbers of particles per sec. 


with only small fluctuations in the out- 
put readings. When extremely sensi- 
tive detection instruments are used, 
however, it is necessary to use large- 
time-constant circuits and to expect 
relatively large statistical fluctuations 
in the output readings. 

4. When a decay curve is being ob- 
tained, care must be taken that the time 
constant of the ratemeter does not dis- 
tort the shape of the decay curve. 

5. A greater statistical accuracy may 
always be obtained for a given measur- 
ing interval by using a direct counting 
method or a total drift method than by 
using a ratemeter method since the 
entire measuring period may be utilized. 

To illustrate the orders of magnitude 
that may be involved, the table below 
shows the important relations for a 
sensitive ionization chamber circuit 
used to detect weak a activities. It is 








% t if 
uncertainty N = nt n = 1.5/sec 
20 25 17 s. 

10 100 67 s. 
5 400 267 s 
2 2,500 27.8 m. 
1 10,000 111 m. 
0.1 1,000,000 7.7 d. 


Basic Limitations Due Only to Statistical Considerations 


Time to reach x% of equilibrium 





80% 95 % 99 % 99.9% 
oF Gi: 51 s. 78 s. 117 s. 
104 s. 200 s. 5.1 m. 7.7 m. 
430 s. 13.3 m. 20.6 m. 30.9 m. 
45 m. 83 m. 128 m. 192 m. 
3h. 5.6 h. 8.5 h. 12.8 h. 
12.4 d. 23 d. 35.4 d. 53 d. 
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assumed that, on the average, 1.5 a par- 
ticles are detected per second. In the 
first column, the desired statistical 
incertainty is shown. The third col- 
imn gives the mean time required for 
this number of particles to be received 
For a total drift measurement, this also 
represents the time required for the 
drift measurement. For a deflection 
measurement, it indicates the value of 
the time constant 7 required to limit 
the standard deviation of the output 
reading about the mean value to the 
If the time 
onstant 7 is chosen equal to the value 


ilue given in column 1. 


column 3, the remaining columns 
ndicate the time required for the out- 
put reading to give the indicated 
weighting factor or emphasis to events 
ifter the start of the measuring interval. 

\ comparison of the timings indi- 
eated in the last two columns with those 
in the third column indicates the ad- 
vantages of the rate of drift method and 
the advantage of using a relatively 
short time constant r with an averaging 
of the output reading after several 
time-constant intervals have elapsed. 


Adjustment of the Time Constant 

The use of extremely sensitive elec- 
trometer circuits is facilitated by an 
ibility to control the time constant of 
the cireuit to the desired value as illus- 
trated by the table and the above dis- 
cussion. In the case of the detection of a 
particles as described, it was found that 
the cireuit could be used for the detec- 
tion of individual @ particles by reduc- 
ing + to a fraction of a second. The 
output meter then gave a large deflec- 
tion for each detected a@ particle and 
ilmost recovered to zero between 

kiecks.”’ 

Except for the one tube electrometer 
circuits, most electrometer circuits 
employ a special electrometer input 
tube followed by one or more stages of 
d-c amplification before the output stage. 
There are many ways in which feedback 
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signals may be applied from the output 
to the input stages to give improved 
linearity or stability or to alter the time 
constant of the circuit. Several of these 


— 


are illustrated in Fig. 7 (next page). 
Input Time Constant of Circuits 
For a conventional electrometer cir 
cuit, the input circuit is as shown in 
Fig. 7a. 
which may be as large as 10'* ohms, and 


R is the input resistance used, 


C is the total capacitance to ground of 
the input circuit including the chamber, 
the leads and the input grid. C will 
normally be of the order of 10-30 puf 
and, with R = 10" ohms, will give 
a time constant + = RC = 10-30 
seconds. 

For an inverse feedback amplifier, as 
shown in Fig. 7b, most of the change in 
voltage (AF, — AF:2) across the input 
resistance R takes place at the feedback 
end rather than at the grid end. The 
ratio (AE, — AE,)/AE, represents the 
feed-back factor, K,, of the circuit and 
gives the ratio of circuit sensitivity with 
feedback removed to that with feedback 
employed. In Fig. 7b, the capacitance 
C, to ground represents the sum of the 
chamber capacitance and the tube and 
lead capacitances. The capacitance C, 
is introduced in parallel with R to im- 
prove the stability of the circuit and to 
For Fig. 
7b, the effective time constant 7 = 
IRC. + RC,/K,). If Ci/K, is small 
compared to C, (large feedback factor), 


regulate the time constant. 


the value of the time constant is effec- 
tively + = RC, (In order to have 
proper circuit stability, the value of C,. 
should not be small compared to C,/ A,. 
For the particular condition C, = 
C,/Ky,, it is seen that the time constant 
of the inverse feedback circuit is reduced 
by a factor of K,/2 relative to that of 
Fig. 7a. The value of C,; may be re- 
duced by transferring the distributed 
capacitance of the input leads to C; by 
enclosing the tube and input leads in a 
separate shielded container connected 
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FIG. 7. Input circuits used 


to the feedback point. 

The circuit of Fig. 7c is typical of 
circuits using positive feedback to 
the input. The change in voltage 
(AE, — AE:2) across the input resistor 
R is less than the change at the input 
grid AE,. The positive feedback factor 
K, = AE,/(AE,; — AE:) gives the ratio 
of sensitivity with feedback to that 
without feedback. The capacitance C 
and the resistance R have the same 


The effec- 


significance as for Fig. 7a. 
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wita electrometer circuits 


tive time constant for Fig. 7e is + = 
K,RC which is the same as for Fig. 7a 
If RC = 20 
sec and K, = 10, this is seen to increase 


times the feedback factor. 


the time constant to 200 see which is 
usually too large. 

When the time constants of Figs. 
7a, 7b, 7c are larger than desired it is 
possible to decrease them artificially by 
employing positive capacitance feed- 
back as shown in Figs. 7d, 7e, 7f. The 
feedback capacitance may be obtained 
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by adding a small capacitor or, more 
conve niently, by utilizing the chamber 
ipacitance To do this, the chamber 
ollecting-voltage batteries are con- 
nected to a point in the plate circuit of 
the second tube so the chamber voltage 
vill change in the same direction as 
the grid voltage. If the two change by 
equal amounts, the effect of the cham- 
If the 


hamber voltage changes faster than 


her capacitance is canceled. 
the input voltage, the chamber capaci- 
tance plus part or all of the lead and 
tube capacitance may be canceled, or it 
may be increased to the point of oscilla- 


tion. The effective time constant in 
Fig. 7d is r= RUC, + Ce KC] 
vhere Ke = AE,/AE, is the feedback 
oltage ratio The critical value for 
scillation is Ay, = (Cy + C.)/C 


In Fig’ 7e, inverse feedback is used at 
f.b. Land positive capacitance feedback 
t fb. 2 This 


normally 


circuit is not used 


because the inverse feedback 


principle alone gives a_ satisfactory 


reduction in time constant. It has 


heen ineluded for 


completeness. — If 


AE, AE, 


K. = AE;/AE, and K, = AF, 


then the effective time constant is 
r =RIC. + (¢ +( AK A Ay! and 
the critical value for A» is 

K, = (C, + ¢ t+ KC.) /C 


It should be noted that AF, is opposite 

in direction to AE 
The cireuit of Fig. 7f has been used 

to improve the sensitivity of a low -gain 


feedback is 
collecting- 


circuit. Positive intro- 
connecting the 


to the plate of the 


duced by 
voltage battery 
second tube and by mounting the tube 
and input leads in a separate shielded 


box connected to the feedback point 


In this way A AEBs/AR, <1 and 
AK, = AE(AE, Al as before The 
time constant 

r= KR + ( K of 


In using the circuits of Figs. 7d, 7e, 7/, 
it should be mentioned that the basic 
time constant of the circuit for recovery 
zero adjusting, 


from any disturbance 


ete.) other than an input signal is 
still associated with a longer time con- 
stant different 


voltage change at the different points. 


related to a ratio of 
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Isotope Techniques in Biochemistry —IV 


Isotope techniques furnish the best methods for kinetic studies 
on whole organisms. This paper, a continuation of the pre- 
vious one in this series, deals with the kinetic approach to 
problems in intermediary metabolism—an approach necessary 
for understanding the dynamic aspects of living organisms 


By NORMAN S. RADIN 


National Institute of Health Predoctorate Research Fellow 
Biochemistry Department, Columbia University, New York 


PROBABLY the most outstanding con- 
tribution that isotopic tracers have 
made to our understanding of life has 
been the discovery that synthetic and 
degradative reactions take place in the 
body with extreme rapidity (1). 

Early opinions had held that de- 
gradative reactions in the structural 
material of an animal go on very slowly 
(until death), so that food is used mainly 
to supply energy and to a slight extent 
to replace ‘‘worn-out”’ structural mate- 
rial. Excreted wastes were assumed 
to be derived almost entirely from the 
food that had recently been ingested. 
Almost the very first biochemical tracer 
experiments demonstrated, however, 
that a large proportion of the molecules 
of food is quickly incorporated into the 
body structure, even that part pre- 
viously considered to be inactive storage 
material. It is now well established 
that practically all body constituents 
are undergoing very rapid synthetic and 
degradative reactions, mixing rather 
readily with ingested material. 

The constancy of composition that is 
found in adult organisms is evidently 
the result of a very delicate balance be- 
tween the two groups of reactions. 
The ability of the body to maintain this 
balance under a wide range of condi- 
tions has made difficult the interpreta- 
tion of much experimental data. This 
is especially noticeable in hormone 


and vitamin experiments. Even when 
changes become evident, it is not clear 
which of the various opposing reactions 
involved have been affected. Simi- 
larly, it is not yet clear whether growth 
is due to a higher rate of synthesis or a 
lower rate of degradation. The isotope 
techniques are peculiarly suited to the 
study of these problems; they alone per- 
mit measurement of the individual 
rates of opposing reactions. 

Because of the need for pioneering 
research in the field of intermediary 
metabolism, extensive kinetic isotope 
studies have not yet been carried out. 
A few excursions into the field have been 
made, however, with highly interesting 
results. This paper will attempt to 
familiarize the reader with the attitudes 
and techniques used in kinetic meta- 
bolic problems. 


Fundamental Concept 

The fundamental concept of isotope 
work is the assumption that labeled 
molecules are treated by organisms in 
the same way and at the same rate as 
ordinary molecules. When the molecu- 
lar weight of the molecules has not been 
changed excessively by the presence of 
the isotopic atoms, this assumption is 
quite close to being true. The funda- 
mental concept can be extended by the 
following assumption: All the molecules 
in a mixture of labeled and unlabeled 
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molecules react at the same rate, re- 
gardless of when they were introduced 
into the system. 

In biological systems, it may some- 
times be that difficultly soluble mole- 
cules do not react at a rate independent 
of their “age.” example, the 
previously deposited molecules inside a 


For 


glycogen granule may not be subject to 
the action of cellular phosphorylase as 
readily as the more recently (possibly 
sotopic) deposited molecules. The ex- 
tensive work already done with tracers, 
however, indicates that for most sub- 
stances the assumption is reliable. 


Mathematical Restatement 
Let us restate the fundamental as- 
Let N be 
the number of moles of the substance 
being studied, and 7 the average isotope 
concentration (or specific activity) in 
the mixture of tagged and normal 
Then Ni is the number of 
gram-atoms of isotopic atoms present, 
ind dNi/dt is the rate of loss or gain of 
sotopic atoms. 
consider the 


sumption mathematically. 


molecules.* 


situation where 
only loss new molecules 
containing isotope being synthesized. 
Since all the molecules are lost at the 
same rate, the rate of loss of isotope 


must be proportional to the average 


First 
occurs, no 


isotope concentration, 7. Then: 
dNi ki ; 
; = —ki ( 
dt 


Let us now name the substance under 
consideration “‘B,’’ and assume that it 
is synthesized in the organism from 
Using similar 
reasoning, we obtain the fundamental 


substance “A” alone. 


equation: 


ANpiz 
dt 


= kata — kpip. é 


Here ka and kg refer to the rates of 


* For simplicity, the isotope concentration 
is calculated only for the atoms in the positions 
actually labeled. 
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synthesis and conversion, while i4 and 
7g refer to the isotope concentrations in 
precursor and product. ‘This equation 
is true no matter how 74 varies, and is 
independent of the other reactions of A. 
Substance B may disappear from the 
mixture by any route or routes, includ- 
ing conversion to A; kg may be the sum 
of several reaction rates. 

Since most experiments are performed 
with adult animals, let us assume that 
the amounts of all substances remain 
constant, at least over a period of 24 
hours. Since N is a constant, it can 
be taken out of the derivative. More- 
over, the constancy of N must mean 
that the rate of synthesis equals the 
rate of conversion of B to other sub- 
stances, so that k4 = kg. Equation 2 
reduces, for this case, to: 

Ne it = Kia — ip 3) 

A simple application of this equation 
can be made in certain cases by quickly 
administering a small amount of a 
labeled substance, B, normally synthe- 
sized in the organism from A. If none 
of the isotopic atoms in B ever enter 
A, we have 74 = 0, so that equation 3 
reduces to: 

dig 
B dt 


This equation is easily integrated to 


N = kip (4) 


give the exponential relation: 
° - . t 

t1=i2e N (5) 
The data that will be obtained by isolat- 
ing samples of B periodically, from the 
same organism or the members of a 
group, and plotting their isotope con- 
time, are repre- 
sented by equation 5. A curve of this 
type is shown in Fig. 1. The dotted 
line portrays the isotope concentrations 
during the period of mixing; this period 
should be as short as possible. The 
extrapolation to ¢ = 0 gives io, which 
is the isotope concentration that would 
have been obtained if no degradation of 
B had occurred. 


centrations against 
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FIG 1 
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Taking the logarithms of both sides 
of equation 5 gives: 

Ini =Iniy — N t. 6) 
From this, it is evident that plotting 
log 7 against ¢ will result in a straight 
line with a slope of 0.434k/N. It 
should be noted that k/N is the fraction 
of B that is destroyed or synthesized 
per day. The actual value of k can be 
calculated by determining the value 
of N, either by some analytical proce- 
dure or by extrapolating the straight 
line to find 7») and inserting this value 
into the ordinary isotope dilution equa- 
tion. It should be interesting to 
compare both methods. 

The finding of a straight line in the 
experiment described indicates, con- 
versely, that the precursor (or pre- 
cursors) of substance B have not 
incorporated any of B’s isotopic break- 
down products. 

The situation assumed above cannot 
be expected often, as most biological 
substances seem to carry on reversible 
reactions. Moreover, organisms seem 
to conserve small breakdown fragments 
which may be why isotopic labels often 
show up in precursors. However, this 
simple approach can be used even if the 
isotopic part of B is converted to A, pro- 
vided that one of the intermediates, or 
A itself, is present in an amount some- 
what greater than B. Considerable 
dilution of the isotopic atoms then takes 
place, so that 74 is practically zero, at 
least for the early part of the experiment. 

An example of this technique is found 
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in a study of the rate of disappearance 
of phospholipids from dog plasma (2 
Radioactive phosphate was injected 


into donor dogs and 26 hours later 
blood was withdrawn, heparinized, and 
the plasma isolated. This plasma con- 
tained not only radioactive phospho- 
lipids, but other labeled phosphorus 
compounds as well. However, it was 
shown that the latter donated a negligi- 
ble amount of isotopic material to the 
pool used for synthesizing fresh phos- 
pholipids for the plasma. The labeled 
plasma was injected into other dogs and 
blood samples were periodically with- 
drawn and their phospholipid fraction 
Although some 
radiophosphorus produced from phos- 
pholipid that has left the plasma re- 
appears in new plasma _ phospholipid 


analyzed for activity. 


molecules, the amount is small, indi- 
cating the presence of a large pool of 
some intermediate. (The term “pool” 
includes phosphorus compounds en- 
gaged in rapid reversible reactions with 
plasma phospholipid precursors. ) 

This simple method of determining 
the rate of disappearance owes its 
success not only to the existence of a 
large pool, but also to the use of blood 
as the region studied. Mixing of in- 
jected isotopic material takes place in 
blood in a few minutes, so that 7o is 
attained almost at time zero. More- 
over, every sample subsequently taken 
is a representative one and really gives 
the average isotope concentration. 
These necessary circumstances do not 
often prevail when other tissues are 
studied. An additional advantage is 
that only one animal is necessary; thus 
individual variations are avoided. 


Inverted Isotope Technique 
A similar study has been made using 
an inverted isotope technique (3). A 
body water of constant deuterium con- 
centration was produced in rats by 
injecting a dose of heavy water of rela- 
tively high concentration and then 
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maintaining the animals on a water 
ration containing sufficient deuterium to 
maintain the isotope level. As in the 
blood, water equilibrates quite 
diy throughout the body. In these 


all freshly synthesized mole- 


ip 
inimals, 

of any one compound that in- 
hydrogen the body 


iter have the same deuterium concen- 


from 


orporates 


tion Since most compounds do 
not derive all their hydrogen atoms 
rom the body water, the actual deu- 
usually not 
It can be 


continuing 


erium concentration is 
equal to that of the water. 
determined, however, by 
the deuterium oxide ration until most 
molecules 


the previously present 


ive been replaced by isotopic ones 
Call this value 7max. Equation 3 is then 


transformed to: 


di 7” 
\ dt = | tinax td). 4) 
his equation can be integrated easily 
to 
k 


In (tmex — 2) = Im tmas — N t ba 


Comparison with equation 6 reveals the 


basic similarity between the two 
ipproaches 

Equation 8 can theoretically be used 
to determine the rate of synthesis of 
compounds which derive some of their 
stably bound hydrogen 
water For example, the rate of hy- 
dration of fumarie to malic acid can be 


isolating 


atoms trom 


calculated by periodically 
samples of malic acid and plotting their 
isotope concentrations against time in 
iccordance with equation 8. 

This approach can sometimes be ap- 
plied also to those compounds whose 
precursors have themselves obtained 
hydrogen from the body water. 
sider, for example, liver glycogen, one 
of the end compounds in the carbohy- 
Several of 


Con- 


drate system of reactions. 
the compounds along the line in the 
reversible degradation of glycogen pick 
up hydrogen from water. Thus, in a 
heavy water milieu, all the compounds 


NUCLEONICS - January, 1948 


steps will 
level. If 


synthesized per day 


in the various glycolytic 
quickly 
the fraction (k/N 
for each of the intermediates is some- 
what higher than the fraction of glyco- 
dav, then the 


the glycogen 


rise in deuterium 


gen synthesized per 


immediate precursor of 
(glucose-l-phosphate) will reach its max 
all of the 
newly synthesized glycogen molecules 
will their values 
Apparently this 
exists in rats, for a plot of liver glycogen 


value so fast that essentially 


‘max 


condition 


have proper 


necessary 
deuterium analyses (3) gives a straight 
line. 

This very useful device of maintain- 
Ing the precursor tsotope concentration 
constant can be extended to growing 
animals, in which k4 does not equal kg 
This was done recently in the case of 
fetal rats (4 On the eighteenth day of 
pregnancy, several rats were quickly 
brought up to a certain deuterium oxide 
level and then killed at intervals in the 
next two days. The fetuses were iso 
lated, their total glveogen determined, 
and samples of glycogen isolated for 
deuterium analysis 

the the 
value of N is changing and equation 2 
i4 is constant and equal 


Since fetuses are growing, 
must be used. 


to imax; therefore 


aNi 
dt = 4 /max kei, 
where ky is the rate of synthesis and 
kp is the rate of degradation. This 
equation can be converted to: 
‘S +N - = k 4t¢max ~ kp t. 


Since the rate of increase in the amount 
of glycogen is equal to the difference 


between the rates of synthesis and 
destruction, then: 

dN 

: a= jk k 3. 

dt yo 
Substituting this into the equation 


above gives the working equation: 


aon 5 di/dt (9) 


tmax — t 
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By plotting the isotope concentration 
in the fetal glycogen against time, the 
value di/dt can be estimated. The 
value of imax Was obtained by maintain- 
ing a rat on the heavy water re- 
gime throughout the entire pregnancy. 
Given values of N for different times, 
the values of ka (and consequently of 
kg) can be calculated for any time. 

It is interesting to note that one of 
the main difficulties in kinetic isotope 
studies, the variations between indi- 
vidual animals, was almost nonexistent 
in the case of fetuses, even though their 
mothers showed considerable variation. 
Apparently the very uniform environ- 
ment enjoyed by fetuses is the cause. 

Other rate studies on fetal water 
transfer have been discussed in the first 
paper in this series. 

Equation 3 can be used to demonstrate 
that one substance is the precursor 
of another (4): 

Neo = k(t4 — 7p). 
Suppose a small dose of isotopic A 
or a precursor of A is injected into an 
animal, Suppose also that samples of 
A and its conversion product, B, are 
periodically isolated and analyzed for 
isotope content. The curves to be ex- 
pected for the two cases are given in 
Figs. 2 and 3, where Fig. 2 refers to the 
case where isotopic A had been ad- 
ministered. In either case, the curve 
for 7g will rise and then gradually fall. 
At the maximum, dig/dt = 0, so that 
i4 = tg. In other words, the curve for 
A must cut through B’s maximum. 
Moreover, at the left of B’s maximum, 
the slope is positive; by inspection of 
equation 3 we see that i4 must be 
greater than ig. On the falling part of 
B’s curve, dig/dt is negative, so that iz 
must be greater than 74. These three 
relationships constitute criteria for the 
proof that A is the direct precursor of 
B. Methods have been described for 
an accurate method of calculating 
k/N (6). This approach has been used 
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recently to demonstrate that diio- 
dotyrosine is the precursor of thyroxin« 
(6). 

The term 
just used is defined in reference 5 as 
being the “last stable compound”’ pre- 
ceding the formation of B. “Stable,” 
of course, has meaning only in terms 
of the isolation precedure attempted 
It is interesting, therefore, to consider 
the nature of the curves to be expected 
if a compound, X, were an intermediate 
between A and B. 

Suppose that isotopic A or its pre- 
cursor is administered in one dose as 
before, and that the irreversible reac- 
tions, A + X — B — degradation prod- 
ucts, are taking place. The reasoning 
previously used gives: 


“immediate precursor’ 


No Ge = k(ix — ip) (10 
and 
Nx dix a kia — tx). 
at 


From these two relations, the relation 
between 7,4 and 7g is found: 


Ns di x. 


o = k(i4 — ip) — Nx at 
From this it is evident that the maxi- 
mum of the 7g,t curve will not be cut by 
the z4,t curve, although A is a “fairly 
immediate” precursor of B. If X can 
also be isolated, it will be found that 
A’s curve cuts X’s maximum, while X’s 
curve cuts B’s maximum. 

It seems likely, however, that if X is 
relatively unstable it will be present 
in relatively small concentrations, In 
this event, the existence of somewhat 
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more A than X will result in negligible 
dilution of newly formed isotopic X by 
previously present X; hence the value 

xy will quickly attain and follow 
closely the Substitu- 
tion of 74 for 7x in equation 10 gives the 


value of 7,4. 
basic equation 3, the equation which 
disregards the existence of X. 


Kinetic Study of Red Cells 
Very useful data have been obtained 
by the application of the kinetic ap- 
proach to the study of red cells. It has 
heen found (7) that feeding nitrogen- 
ibeled glycine to a human results in a 
\igh concentration of N' in the red cell 


hemin. This and other data indicate 
. specific utilization of glycine for the 
A kinetic study of 
this utilization (8) disclosed a curve of 
the dis- 
cussions above, it was pointed out that 
the curve to be expected after a single 
dose would simply rise and then gradu- 
illy decrease in a roughly exponential 


synthesis of hemin. 


inusual shape (Fig. 4). In 


manner toward zero. With hemin, 
however, the peak of the curve is 
greatly flattened and stretched out over 


time. The only 


period of 


i long 
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that the 
hemin is irreversibly bound to the cir- 
culating red cells until the death of the 
cells, after which no re-utilization of 
the hemin N" occurs. Analysis of the 
curve permits calculation of the average 
life span of red cells, as well as the dis- 
tribution of life spans. This type of 


plausible interpretation is 


analysis is now being applied to the 
study of blood disorders. 


Development of Equation 
It is instructive to develop the equa- 
tion (1) that is given on page 631 of 
reference 8. 
are used here: 
f(@) = the N* concentration in the 
hemin synthesized at time 6; 


Almost the same symbols 


a =the rate of synthesis of 
hemin, in nitrogen atoms per 
day; 

N = the total hemin in circulating 


red cells, in nitrogen atoms; 


G(t) =the number of circulating 
hemin N' atoms at time ¢; 

@(7T) =the probability that a red 
cell will have a life span 
greater than 7’. Rephrased, 


¢(T) is the fraction of red 
cells, synthesized at time @, 
that are still alive and cir- 
culating 7 days after theiy 
birth. 
The use of several forms of time may be 
confusing at first. ‘‘@’’ refers to the 
“birthday” of a given group of red 
cells, counting the beginning of the 
experiment as zero; “t”’ refers to the 
time at which a blood sample is with- 
drawn for analysis, also counting the 
beginning of the experiment as zero; 
“T’”’ refers to the age of a group of cells. 
For those members of each group (dif- 
ferential in size) that were “born” at 
the same time, 7’ = t — @. 

The shape of the curve obtained by 
plotting ¢(7') against 7 must be some- 
thing like that shown in Fig. 5. For 
about the first 70 days, the fraction of 
erythrocytes that are still alive is close 








Gradually the rate of dying 
increases until the point of inflection at 
¢(7) = 0.5, when half the cells have 
died. The value of 7 at this point is 
the average life span. The rate of 


to one, 


dying then decreases until, at some ill- 
defined time, all the cells are dead. 

Figure 5 applies to each group of cells 
“born” at the same time, and conse- 
quently, to the hemin nitrogen atoms 
that are incorporated into these cells 
during the short period, dé. The num- 
ber of hemin nitrogen atoms incor- 
porated in the interval, d@, is ad@. The 
number of N'™ atoms in this group is 
f(ajade. Of this small group, only the 
fraction, $(7'), will be alive and picked 
up for analysis 7’ days later. ‘The num- 
ber of N'° atoms that will be circulating 
T days later is, therefore, ¢(7')f(@)ada. 
This is true for that small group of cells 
“born’’ at time @ and still alive at time 
t, that is, 7’ days later. Of interest 
in the isotopic analysis are all the groups 
of cells born at all times @, from time 
zero to time ¢, but still alive at time ¢. 
The total number of N!° atoms in these 
cells is then given by: 


t 
[ o(T)f(@ad@a = Git 11 
0 


Replacing 7 by ¢ 6, we obtain the 
Starting equation .of Shemin and 
Rittenberg. 

It is interesting to note that equations 
similar to equation 11 have been pro- 
posed for isotopic kinetic studies (9). 

A valuable example of the power of 
the kinetic approach to intermediary 
metabolism problems, much too long 
and complex to discuss here, is given in 
reference 10. This study is especially 
interesting for its emphasis on the 
dynamic interrelationships between dif- 
ferent parts of the body. 


ee 











The discussions presented above by 
no means cover the range of possible 
metabolic situations. There is clearly a 
need for further mathematical analysis 
and actual experimentation. Even 
when exact values of rate constants 
cannot be calculated, comparisons of 
curves under carefully determined con- 
ditions should be very useful. It seems 
likely that graphing kinetic isotope data 
will not only throw considerable light 
on the effects of different conditions, but 
will also aid in ascertaining the actual 
sequence of intermediates in metabolic 
reactions. 

The following, final paper in this 
series will discuss problems in syntheses 
for isotopic experimentation. 
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TRACERS 


IN METALLURGY 


A report on the use of radioactive tracer techniques as applied 
to metallurgical problems by two university laboratories. Major 
study was that of diffusion processes in solid and liquid states 


By JULIUS J. HARWOOD 


Metallurgist, Office of Naval Research 


THERE ARE NUMEROUS PROBLEMS in 
metallurgy which lend themselves to 
ittack by means of radioactive tracer 
techniques. The increasing availability 
of radioactive isotopes of many of the 
metals has stimulated research along 
lines which hitherto resisted conven- 
tional methods of approach or necessi- 
tated laborious and painstaking effort 
with often uncertain results. 

Foremost among the problems which 
indicate promise of fruitful endeavor by 
the application of radioisotopes is the 
study of diffusion processes, both vol- 
A knowledge and 

coefficients and 


ume and surface. 
study of diffusion 
mechanisms is essential for a_ basic 
kinetics and 
mechanisms of reactions in the solid 


understanding of the 


state including such metallurgical phe- 
nomena as grain growth, surface and 
internal oxidation, age-hardening, 
Therefore, 
as an essential part of its fundamental 


phase-transformations, ete. 


metallurgical research program, the 
Office of Naval Research is cooperating 
with the Metals Research Laboratory 
of the Carnegie Institute of Technology 
and the Stevens Institute of Tech- 
nology in the study of diffusion in the 
first major application of radioisotopes 
in metallurgy by university laboratories. 

The program at Carnegie, under the 
direction of R. F. Mehl, is broad in 
scope and deals with the rates and 
mechanisms of metallurgical reactions 
both in molten metals and solid metals. 
The part on liquid metals is concerned 
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primarily with reactions in steelmaking 
and particularly with the measurements 
of activities of constituents in liquid 
metals and slags and with the mecha- 
nism of reaction across a slag-metal 
interface. It is only through a complete 
understanding of the fundamental 
chemistry and metallurgy involved in 
steelmaking reactions that control of 
the operations on a scientific basis can 
he established 

The part on solid metals relates pri- 
marily to rates of diffusion and to con- 
cepts of the interatomic forces and 
activities in solid solution which may be 
inferred from diffusion data. These 
studies are particularly susceptible to 
attack by use of radioactive tracers and 
the program is making extensive use of 
this technique. The program at the 
present time has embraced two major 
fields of 
lurgy and the physical chemistry of 


research—physical metal- 


steelmaking. 


Physical Metallurgy 

This phase of the program is mainly 
concerned with the diffusion of metals. 
The diffusion measurements under way 
or contemplated have been selected for 
one of five purposes: (1) to provide 
data for the analysis of the kineties of 
the austenite-pearlite reaction, (2) to 
substantiate theoretical studies on 
binary diffusion recently made* on this 


*C. E. Birchenall, R. F. Mehl, Thermo- 
dynamic Activities and Diffusion in Metallic 
Solid Solutions, Metals Technol. 14 (June, 1947) 
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project, (3) to extend present ideas on 
diffusion into ternary systems, (4) to 
amplify existing information in systems 
which display properties not entirely 
metallic, and (5) to study diffusion in 
structurally analogous systems as a 
basis for correlation of diffusion with 
other physical factors. 

Kinetics of the austenite-pearlite re- 
action. The rates of self-diffusion of 
iron in both the alpha and gamma 
ranges, and the rates of diffusion of 
carbon in gamma and alpha iron are 
being studied. Special attention is 
being directed towards the effect of 
‘carbon concentration on the value of 
the diffusion coefficient of carbon in 
gamma iron. These diffusion rates will 
be used for theoretical studies on the 
mechanism of austenite decomposition. 
Such a study will have an obvious 
bearing on reactions occurring during 
the quenching and annealing of steels, 
during the process of carburizing, etc. 
Almost complete at present is the ex- 
perimental determination of self-dif- 
fusion of iron in both alpha and gamma 
iron by using radioactive iron as a 
tracer. In the determination of the 
coefficient of diffusion of carbon in iron, 
for example, a couple consisting of two 
steels of different carbon content is 
welded together. Following a diffusion 
heat treatment in an inert atmosphere, 
transverse layers are machined from 
the specimens and analyzed for carbon. 
From the resultant data, carbon pene- 
tration curves can be obtained and the 
diffusion coefficient derived by mathe- 
matical analysis. 

Theory of binary diffusion. Theo- 
retical studies of published data on 
alpha brass resulted in a thermodynamic 
treatment which indicates that if the 
activities of the diffusing atoms are 
considered, rather than the concentra- 
tion, a coefficient which is a constant, 
independent of composition, at constant 
temperature can be calculated. * 

For substitutional binary solid solu- 
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tions, three diffusion coefficients are in- 
volved, one for the “‘self-diffusion”’ of 
each atomic species and one for the “‘in- 
ter-diffusion”’ of the two diffusing atoms. 
This is a new concept of diffusion, and 
diffusion experiments in the gold-silver 
system are under way to substantiate 
the theory. Silver and gold were 
chosen since they form a completely 
In ad- 
dition, both metals can be obtained with 


miscible solid solution system. 


an extremely high degree of purity and 
are not susceptible to oxidation. It is 
also intended to perform similar studies 
on other systems at a later date. 

Diffusion in ternary systems. Three 
types of ternary metallic systems are 
possible: (a) the matrix and two sub- 
stitutional components; (b) the matrix 
with one substitutional and one inter- 
stitial component; and (c) the matrix 
and two interstitial components. 

A representative system for each of 
these types of ternary alloys will be 
investigated. For the first type, where 
only substitutional solutions occur, the 
copper-nickel-tin system will be investi- 
gated. This system was selected be- 
cause data already exist for diffusion in 
the binary system of these metals. For 
the second type, the gamma iron- 
silicon-carbon system will be explored. 
For the third type, with two interstitial 
elements, the iron-carbon-boron system 
will be investigated. The latter is an 
extremely interesting system because 
of the important effects of boron on the 
hardenability of steel. 

The preliminary determination of 
the effect of boron on the diffusion of 
sarbon in gamma iron is now in progress. 
If preliminary experiments indicate sig- 
nificant results, this system will be 
systematically investigated, and may 
offer some contribution to the mys- 
terious role of boron in the hardenability 
of steel. Investigation of the B-Fe-C 


*C. E. Birchenall, R. F. Mehl, Thermodyna- 
mie Activities and Diffusion in Metallic Solid 
Solutions, Metals Technol. 14, (June, 1947). 
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svstem is being coordinated with a 
related study sponsored by the Army 
it Carnegie, and the results of these 
programs will supplement one another 
n such a way as to elucidate this in- 
teresting and important system. 
Diffusion in systems not entirely 
metallic. Radioactive tracer tech- 
niques are extremely adaptable to the 
study of diffusion mechanisms in oxide 
lms, thereby allowing the determina- 
tion of the mechanisms of the sealing 
f metals. It is thus possible to deter- 
nine whether it is iron or oxygen which 
diffuses through the oxide layer during 
ie sealing of iron. A thin layer of 
radioactive iron is electroplated on a 


t 


polished surface of pure iron, and sub- 
oxidized under controlled 
The distribution of radio- 


ictive iron through the seale indicates 


sequently 
-onditions 


the nature of the diffusion process. 

The initial results have already indi- 
cated that the generally accepted 
mechanism of oxidation of iron is not 
sufficiently adequate and it is hoped 
that the information derived from 
these studies, together with kinetic data 
now available in the literature, will 
a complete reconsideration of 
the mechanism and kinetics of the 
sealing of iron. Future work will be 
extended to include the oxidation of 


permit 


copper and of other metals. 

\s part of the same broad study, the 
cobalt-aluminum and the _ nickel-alu- 
minum systems will also be investigated, 
since several phases of these systems 
exhibit properties and structures re- 
sembling covalent rather than metallic 
materials 

Diffusion in structurally analogous 
systems. Theoretical studies con- 
ducted early in the program have shown 
how diffusion and activity data can be 
related with interatomic forces in 
alloys.* To correlate diffusion with 


*C. E. Birchenall, Interaction and Structure 
i Copper-Zine Alloys, Metals Technol. 14 
June, 1947). 
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thermodynamic and structural factors, 
these studies, which were done on the 
alpha brass system, are being extended 
by studies of diffusion constants and 
activity coefficients for alpha and beta 
silver-zine alloys. The diffusion data 
will be related with activities and the 
latter related to short-range ordering 
to verify conclusions drawn from the 
study of the structurally analogous 
brass system. X-rays will be used to 
obtain evidence of short-range ordering 
and will offer corroboration by an 
independent method of the thermo- 
dynamic calculation of the interaction 
energies 

New methods must be developed to 
determine the distribution of impurities, 
concentrations in layers which segre- 
gate in microscopic thicknesses, carbon 
concentration gradients in the austenite- 
pearlite reaction and other similar 
phenomena vitally important in the 
study of solid reactions and metallic 
properties. A portion of the present 
program is devoted to the development 
of autoradiomicrographie (‘‘nuclear 
microscopy’’) techniques for the study 
of these effects 
faces, using radioactive carbon, have 
been treated to produce large-grained 
coarse pearlite, and fine-grained photo- 


Carburized iron sur- 


graphic plates, sensitive to soft beta 
radiation, are being used to study the 
distribution of carbon in the pearlite 
lamellae. Results obtained thus far 
indicate that the method does not vield 
sufficient resolution to be useful in 
studying very fine details of micro- 
structure. Such resolution is required 
for investigating carbon concentration 
gradients or the microstructural con- 
stituents of steel 


Physical Chemistry of Steelmaking 

As stated previously, this section of 
the program is mainly concerned with 
the mechanisms and kinetics of slag- 
metal interface reactions. Much of the 
work done to date on the problem of 
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steelmaking reactions has dealt with 
equilibrium relationships. This has 
heen valuable and necessary but actual 
steelmaking practice involves dynamic 
reactions seldom 


conditions in which 


attain the equilibrium state. In order 
to understand and control these reac- 
tions, it is necessary to know the mecha- 
nisms by which they occur and the rates 
at which they strive for equilibrium. 
The aim, therefore, is to determine the 
rates and mechanisms whereby ele- 
ments which are soluble in both slag 
and metal cross the interface between 
the two phases, and also to develop a 
clarification of the intrinsic differences 
among the steelmaking processes, e.g., 
acid electric versus basic electric or 
basic open-hearth versus basic electric. 
Two elements, sulfur and oxygen have 
been singled out for attention because 
of their primary importance in steel- 
making reactions. 

Radioactive iron in conjunction with 
ordinary sulfur is being used to study 
the mechanism of transfer across a slag- 
Significant 
the determination 


metal interface. progress 
has been made in 
of the rate constants for transfer of 
sulfur from slag to metal and vice versa. 
Upon conipletion of this work, the 
theoretical and experimental techniques 
developed will be extended to the prob- 
lem of oxygen distribution between the 
slag and metal and then to still more 
complicated reactions. 

Closely related to the problem of 
migration of sulfur across the slag- 
metal interface are the effects of other 
metals, calcium, upon the 
mechanism of sulfur partition. It 
would be enlightening to learn whether 
ealeium is soluble to even a slight ex- 
The applica- 
tion of this 
problem is an excellent example of the 
utility of radioisotopes in metallurgical 
research. Conventional methods of 
analysis have not been sensitive enough 
to detect any solubility of calcium in 
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such as 


tent in the metal phase. 


radioactive tracers to 





steel but the use of “tagged” calcium 
atoms may provide a sensitive means 


of detection of low concentrations of 
calcium. Even if the activity is too 
low to be measured, it will still enable 
some estimate to be made of the maxi- 
mum solubility of caleium in iron. 
Radioactive calcium is also being used 
to study the effects of slag composition 
and oxidizing conditions upon the cal- 
cium deoxidation constant in the metal 
phase. 

In the study of molecular constitu- 
tion of slags, electromotive force meas- 
urements, ionic mobility studies, and 
conductivity studies are being used to 
help elucidate the constitution and 
properties of slags. Previous research 
at Carnegie resulted in the successful 
use of a carbon-silicon carbide couple 
for the measurement of the activity 
of silica in the slag. It is expected that 
the similar use of an electrode pair such 
as graphite-calecium carbide may pro- 
vide either a lime activity or a lime-silica 
ratio. It is also hoped that an oxygen 
electrode may be developed by the use 
of either iron-platinum or _ iron-iron 
oxide couples. Experiments are under 
way for study of the effects of impressed 
electrical fields across the slag-metal 
interface upon the distribution of sulfur 
and oxygen between the slag and the 
metal and the mobility of the respective 
ions in the slag phase itself. 

Radioactive tracers are also being 
employed in the direct determination 
of the activities of various elements in 
liquid slags and metals by vapor pres- 
sure measurement. In these experi- 
ments, the radioisotopes are used to 
provide means of measurement simpler 
than conventional chemical analyses. 
The activity of sulfur in liquid metal 
or slag phases is first being studied and 
will be followed by other low-melting 
elements important in steelmaking, 
such as manganese and phosphorous. 
An atomic beam technique of effusion 
through a small orifice into a vacuum 
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is being employed. Where the vapor 


pressure is too high, the saturation 
method of sweeping out the vapors with 


in inert atmosphere may be used 


Behavior of Metals 


Currently, one of the most important 
ind difficult problems is the task of 
predicting behavior of metals in service 
by laboratory and small scale tests. 
\n understanding of the significant 

echanical properties of materials, 

imely tensile strength, ductility, and 
energy-absorption, is not as simple as is 
generally supposed, but must be con- 
sidered in terms of a complex equation 
of state, including such factors as stress 
system, prior strain history, strain rate, 
stress and strain gradients, tempera- 
ture, testing environment and _ the 


inisotropic nature of the internal 


structure. It is obvious that behavior 
of metals under stress is also intimately 
connected with metallurgical changes 
vhich oeeur during the deformation of 
the metal. 

Many phenomena, such as_ phase 
transformations and precipitation re- 
ictions, which have an _ important 
bearing upon the distribution of stress 
and strain during plastic deformation, 
occur on a microscopic scale. This re- 
distribution is dependent upon relaxa- 
tion time and relaxation energy of the 
atoms. A knowledge of the coefficients 
of diffusion of the atoms, as a function 
of the strain, would aid in providing 
a better insight into this phenomenon. 

\s a start toward this goal, the 
Stevens Institute of Technology is in- 
vestigating the problem of diffusion in 
With simple metals 
such as copper and zine as a starting 


stressed metals 


point, the determination of the rates 
of self-diffusion of copper atoms through 
copper, and zine atoms through zine, 
when these metals are placed under 
simple tension and compression, is 
under way. Measurements of the 
relationship between diffusion rate and 
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strain within and beyond the elastic 
limit will be made at various tempera- 
tures. Copper and zine were chosen 


because excellent experimental and 
theoretical data are available for these 
substances in a strain-free condition 

Initial measurements on single metal 
crystals are being made first to prov ide 
information for the interpretation of 
measurements of polyerystalline sam- 
ples of the same substances. Since 
the study of self-diffusion of atoms is so 
difficult to follow by means of classical 
experimental techniques, tagged atoms 
of radioactive zine and copper are also 
being employed here. Part of each 
erystal will be plated with a radioae- 
tive Isotope and then heated to the 
desired temperature to permit diffusion 
to occur. Sectioning the erystal and 
measuring the radioactivity of each 
section will permit the determination 
of the rates of self-diffusion. 

It is anticipated that this research 
program will throw much light on the 
role of diffusion in the reerystalliza- 
tion of binary alloy mixtures under 
action of stress and temperature varia- 
tion and also yield information on 
internal changes in metals occurring 
under conditions of vibration 

The handling of radioactive materials 
on these projects presents a potential 
health 
maintenance of suitable safeguards and 


hazard which requires the 


precautions. At Carnegie, health and 
safety regulations have been carefully 
planned and are rigidly observed 
Information from the Manhattan Dis- 
trict and the Atomic Energy Commis- 
sion has been fully utilized. Compara- 
tively little danger is involved in 
intelligent handling of the tracers used 
in the above metallurgical research 
programs because of the small quan- 
tities and low level of activity of 
radioisotopes used. To aid personnel 
involved in the program, Carnegie has 
prepared an information manual, “ Ra- 
dioactivity and Tracer Techniques.”’ 
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MANHATTAN DISTRICT DOCUMENTS 


A NEW LISTING of Manhattan District 
Declassified Documents recently made 
public by the AEC is published below. 
This supplements the three lists which 
appeared in NuCLEONTCs last year. 

Listed with the name of the paper are 
its author(s) and MDDC (Manhattan 
District Declassification Code) num- 
ber. Papers which can be obtained 
from the Office of Technical Services, 
Department of Commerce, Washington, 
D. C., are noted by an asterisk (*). A 
reference appearing after an item indi- 
cates the journal in which the paper 
was published. 


Production of Low-Energy Neutrons by 
Filtering Through Graphite. H. L. Ander- 
son, E. Fermi, L. Marshall. MDDC 54 
Phys. Rev. 70, 815 (1946) 


Document Requesting Declassification of 


Fluorocarbons. The Kellex Corporation. 
MDDC 146 


Isotopic Absorption of Slow Neutrons in 
Cadmium. B. J. Moyer, B. Peters, F. H. 
Schmidt. MDDC 171. Phys. Rev. 69, 
666 (1946) 

Distribution of Neutrons in the Atmos- 
phere. H. M. Agnew, W. C. Bright, D. 
K. Froman. MDDC 201. Phys. Rev. 
72, 203 (1947) 

Preparation of N-Polychloropolyfluorohep- 
tene. J.H. Babcock, W. S. Beanblossom, 
B. H. Wojcik. MDDC 202*. Ind. Eng. 
Chem. 39, 314 (1947) 


Angular Distribution of n-d Scattering | 
2.5-Mev Neutrons. J. H. Coon, H. ; 
Barschall. MDDC 205* Phys. Bn 
70, 592 (1946) 

Preparation of Polyhaloheptanes I. The 
Chlorination of n-Heptane. E. T. McBee, 
et al. MDDC 219*. Ind. Eng. Chem. 
39, 305 (1947) 


Mechanical Fluorine Compression. R. L. 
Murray, S. G. Osborne, M. M. Brandegee. 


MDDC 224*. Ind. Eng. Chem. 39, 273. 


(1947) 

Preparation of Xylenehexafluoride. R. L. 
Murray, W. 8S. Beanblossom, R. H 
Wojcik. MDDC 225* 

The Transuranium Elements. G. T. Sea- 
borg. MDDC 227. Science 2104, 379 
(1946) 
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The Liquid Drop Model for Nuclear Fis- 
sion. KR. D. Present, F. Reines, J. K 
Knipp. MDDC 231. Phys. Rev. 70, 557 
(1946) 


The Purification and Compression of 
Fluorine. R.C. Downing. MDDC 255* 


Total Cross Sections Measured with Photo- 
neutrons. R. Fields, B. Russell, D 
Sachs, A. Wattenberg. MDDC 256* 
Phys. Rev. 71, 508 (1947) 


Early Fluorocarbon Studies at Columbia 
University. G. H* Cady, L. L. Burger 
E. J. Barber. MDDC 319* 


Fluorination of Petroleum Oils (I) Re- 
actions in the Vapor Phase with Cobalt 


Trifluoride. C. F. Irwin et alk MDDC 


325* 


A Bent Crystal Neutron Spectrometer and 
the Cross Sections of Cadmium and Iridium 
R. B. Sawyer, E. O. Wollan, K. C. Peter- 
son, 8S. Bernstein. MDDC 327*. Phys 
Rev. 72, 109 (1947) 


A Study of the Electrolytic Generation of 
Fluorine. W.C. Schumb. MDDC 328 
Ind. Eng. Chem. 39, 244 (1947) 


Fluorination of Petroleum Oils (II)—Re- 
action in the Liquid Phase with Silver 
Difluoride. W.S8. Struve, F. B. Downing 
A. F. Benning, R. N. Lulek, W. V. Werth. 
MDDC 331* 

Yield of Photoneutrons from U2*® Fissio~ 
Products in Heavy Water. 8S. Bernstei 
W. M. Preston, G. Wolfe, R. E. Slatter 
MDDC 416. Phys. Rev. 71, 104; 71, 576 
(1947) 


The Fluorination of Perhalogen-olefins 
W. T. Miller. MDDC 431* 


The Preparation and Reactions of Per- 
fluorobutadie ne—1,3 V. T. Miller. 
MDDC 432* 


The Preparation of Low Polymers of Tri- 
fluorochloroethylene and their Utilization 
for the Production of Chlorofluorocarbon 
Lubricants. W.T. Miller. MDDC 433* 


Survey of the Fission Product Isotopes. J 
M. Siegel MDDC 440. Rets. Mod. 
Phys. 18, 513 (1946) 


Range Measurements of 94759 and 94238. 
O. Chamberlain, J. W. Gofman, E. Segre, 
A. C. Wahl. MDDC 489*. Phys. Rev. 
71, 529 (1947) 


A Semi-micro Method for the Simultaneous 
Determination of Carbon, Fluorine, and 
Chlorine in Halocarbons. R. Teston, 
E. F. MeKenna. MDDC 507*. Anal 
Chem. 19, 193 (1947) 
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The Determination of the Ranges of the 
Fission Fragments Emitting Delayed Neu- 
trons. Chemical Identification of 4.518 
Delayed Neutron Activity. N. Sugarman. 
MDDC 547. J. Chem. Phys. 16, 544 
1947) 
Spin and 
F. Bloch, 
W Spence. 
373 (1947) 


Diffraction of Neutrons by a one dy 
Ww. H Zinn. MDDC 629*. Phys. Rev. 
71, 752 (1947) 


The Development and Use of a 600-Ampere 


Magnetic Moment of Tritium. 
A. C. Graves, M. Packard, R 
MDDC 618. Phys. Rev. 71, 


Fluorine Cell. W. B. Burford, III. 
MDDC 635*. Ind. Eng. Chem. 39, 266 
1947 


Vethod for Measuring Neutron-Absorption 
Sections hy the Effect of the Re- 
ictivity of a Chain-reacting Pile. H. L. 
Anderson, ef al. MDDC 669*. Phys. 
Rev. 72, 16 (1947 


irtificial Radioactive Isotopes of Polonium, 
jismuth, and Lead. J.J. Howland, D. H. 
empleton, I. Perlman. MDDC 671 
Phys. Rev. 71, 552 (1947) 


( ross 


The Preparation of Pressed Ra + Be Neu- 
tron Sources. H. L. Anderson, B. T. 
Feld MDDC 704. Rev. Sci. Instr. 18, 


186 (1947) 


The Total Disintegration Energy of Na*. 
E. C. Barker. MDDC 706*. Phys 
Rev. 71, 453 (1947) 

Calculation of Equilibrium Constants for 
Isotopic Exchange Reactions. J. Bigelei- 
sen, M. G. Mayer. MDDC 707*. J. 
Chem. Phys. 15, 261 (1947) 


Concentration of the Isotopes of Mercury 


y Free Evaporation in a 10-Cell Counter- 
Current Reflux Still. A. K. Brewer, 
Ss. L _ adorsky. MDDC 709. J. Re- 
search Nat. Bur. Standards 38, 129 (1947) 
Interference Phenomena of Slow Neutrons. 
E. Fermi, L. Marshall. MDDC 713*. 
Phys. Rev. 71, 666 (1947) 

Veasurement of Neutron Cross Sections 
with a Crystal Spectrometer. W. J. 
Sturm MDDC 735*. Phys. Rev. 171, 


757 (1947 

The Total Neutron Cross Section of Dyspro- 
stum and Neodymium. ’. J. Sturm, G. 
Arnold. MDDC 736*. Phys. 
556 (1947 

Thermal Diffusion with Boron es x 
W. W. Watson, J. O. Buchanan, F. 
Elder, Jr. MDDC 738 


Vetaborate Compounds for Internal Cyclo- 
tron Targets. A.S. Weil, A. F. Reid, J. R. 
Dunning. MDDC 742. Rev. Sci. Instr. 
18, 556 (1947) 

Gamma and Beta Energies of Some Radio- 
active Isotopes as Measured by a Magnetic 
Lens Beta-Ray Spectrometer. W. Rall, 
R. G Wilkinson 
Rev. 71, 321 (1947 
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Rev. 71, 


MDDC 762. Phys 


A 16% 500 Volt Regulated Power Supply 
P. W. Howells. MDDC 778* 

Table of Legendre Polynomials P.(cos ®) 
for N = 0 (1) 20, and @ = 0° (1) 180° to 


Siz Decimals. W. 
MDDC 780* 


Van de Graaff Ion Source with 
nevic Field. F. Oppenheimer, 
MDDC 782 


Studies in the Preparation of 
Radio-Halides. J. W. Richter 
785* 


Lane, D. Sweeney 


Axial Mag- 
A Hudgins 


Organic 
MDDC 


Deuteron. 
Phys Re t. 


On the Magnetic Moment of the 
R. G. Sachs. MDDC 786°. 
72, 91 (1947) 


A Mass Spectroscope for Analyses in the 


Low Mass “= W. Siri, MDDC 
788 *. Rev. Sci. Instr. 18, 540 (1947) 
Mass Spectroscope for Rapid Analysis in 


Low Mass Range. W. Siri. MDDC 789 

Some Exchange Experiments Involving 

Ferrocyanide and Ferricyanide Ions. R 
Thompson. MDDC 790 


Chemical Forms Assumed by C'* Produced 
by Neutron Irradiation of Beryllium Ni- 
tride. P. E. Yankwich. MDDC 793°. 
J. Chem, Phys. 15, 374 (1947) 


Chang and Eng—A Portable Instrument 
for the Detection of Fast Neutrons in the 
Presence of Gamma Radiation. P. W. 
Reinhardt. MDDC 819. Phys. Rev. 71, 
836 (1947) 


Spin Dependence of 
Neutrons by Be, Al, 


Scattering of Slow 
and Bi. FE. Fermi, 


L. Marshall. MDDC 844. Phys. Rev. 
72, 408 (1947) 

Film Prog. 18, 39, and 41. (Particle pho- 
tomicrographs from plates placed inside 
184” cyclotron.) Radiation Laboratory, 
University of California. MDDC 863 
Interpretation of the Triton Moment. 
R. G. Sachs. MDDC 866. Phys. Rev. 


72, 312 (1947) 


Photoneutrons Produced in DO and 
Beryllium by Fission Product Gamma Rays. 
W. D. B. Spatz, D. J. Hughes, A. Cahn. 
MDDC 871 


Polarization of Neutrons in Different Ma- 


terials. J. R. Wallace, D. J. Hughes, 
R. H. Holtzman. MDDC 873 

High Energy Alpha Particles Associated 
with Fission. E. O. Wollan, C. D. Moak, 
R. B. Sawyer. MDDC 875 ‘Phys. Rev. 


72, 447 (1947) 


An U pper Limit for the Cross Section for 
Scattering of Neutrinos by Hydrogen. 
E. O. Wollan. MDDC 876. Phys. Rev. 
72, 445 (1947) 


Ocular Lesions Following the Atomic Bomb- 
ing of Hiroshima and Nagasaki. J. J 
Flick. MDDC 936* 
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On the Existence of a Calcium Isotope with 
an %8.5-Day Period. KR. Overstreet, L. 
Jacobson. MDDC 938. Phys. Rev. 72, 
349 (1947) 


Progress Report Proton Cyclotron H. F. 
Group. B. Anderson. J. Woodyard, L. 
Wouters, J. Riedel. MDDC 963* 


184" Cyclotron-— Oscillator Capacitance 
Veasurements. KR.L. Anderson, J. Riedel. 
MDDC 964* 


Distribution of Labeled Carbon in Sugar 
from Barley. $8. Aronoff, H. A. Barker, 
M. Calvin. MDDC 966. J. Biol. Chem. 
169, 459 (1947) 

Alpha and Beta Ray Counters. J. F. 
Bonner, Jr. MDDC 967* 

184° Cyclotron Pumping Speed Test. 
W. M. Brobeck. MDDC 969* 


The Decarbonylation of Ethyl Pyruvate. 
J. F. Flagg. MDDC 970* 

The Beta-Ray Spectrum of (4. P. W. 
Levy. MDDC 975. Phys. Rev. 72, 248 
(1947) 

X-Rays Associated with U-234. R. L. 
Macklin, G. B. Knight. MDDC 976. 
Phys. Rev. 72, 435 (1947) 

Cloud Chamber Tank Assembly. Radia- 
tion Laboratory. MDDC 980* 


Cloud Chamber Vacuum Tank and Valve 
Seat Assembly. Radiation Laboratory. 
MDDC 981 

184"' Cyclotron Radiation Measurement 
of Breech Load Probe Head. <A. Reyenga. 
MDDC 982* 

The University of California Synchro- 
cyclotrons. R. L. Thornton. MDDC 
983 * 

184" Cyclotron Vertical Beam Oscilla- 
tions in the Region of 82"' Radius. J. Vale. 
MDDC 984* 


184" Cyclotron Synchroscope Beam Pic- 
tures on Two Probes. F. W. Yeater, Jr. 
MDDC 9s87* 

184" Cyclotron Half-life Measurements on 
Dee. A. Dodson. MDDC 1028* 


Pulsed Deflector for 184" Frequency Modu- 
lated Cyclotron. G. M. Farly. MDDC 
1032* 

A New Naturally Occurring Lanthanum 
Isotope at Mass 138. M. G. Inghram, 
Rk. J. Hayden, D. C. Hess, Jr. MDDC 
1042. Phys. Rev. 72, 349 (1947) 

The Radiations from 60-Day Ir! and 
27-Day Pas, P. W. Levy. MDDC 
1043. Phys. Rev. 72, 352 (1947) 


Fission of Bismuth, Lead, Thailium, 
Platinum and Tantalum with High-Energy 
Particles. 1. Perlman, R. H. Goecker- 
mann, D. H. Templeton. MDDC 1048. 
Phys. Rev. 72, 352 (1947) 


184" Cyclotron Vertical D. C. Electrostatic 
Deflector. WD. Sewell. MDDC 1051* 
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Artificial Radioactive Isotopes of Bismuth 
and Lead. D., ° Templeton, 2 
Howland, I. Perlman. MDDC 1053* 


Theory of the Slowing Down of Neutrons 
by Elastic Collisions with Atomic Nuclei 
R. E. Marshak. MDDC 1064. Revs 
Mod. Phys. 19, 185 (1947) 


Stars in Photographic Emulsion Produced 
by Particles Accelerated by the Cyclotron 
E. Gardner. MDDC 1077 


Radioactivity of Cu®. C. E. Leith, A 
Bratenahl, B. J. Moyer. MDDC 1085* 


The Radioactivities of Cobalt-61 and 62 
T. J. Parmley, B. J. Moyer. MDDC 
1089* 


Cloud Chamber Study of the Particles in 
the Neutron Beam of the 184" Cyclotron 
W. Powell. MDDC 1090* 


Some Operating Phenomena Associated 
with the 184" Cyclotron. D. C. Sewell, 
L. Henrick, J. Vale. MDDC 1092* 


Balanced Ionization Chamber for Differ- 
; ntial Measurements of Gamma _ Rays 
. Wiegand. MDDC 1098* 


Report No. EC-2, dated from March 24 
1942, to November 5, 1943, contained in 
Engineer's Log Book. W. L. Grube. 
MDDC 1116* 


Report No. EC-3, dated from November 
6, 1943, to December 31, 1943, contained 
in Engineers Log Book. W. L. Grube 
MDDC 1117* 


Report No. EC-II, dated September 15 
1944. I. Sta ndard Threshold Test. Il, 
Program for *‘ Bent Cathode Test’’ as a 
Means of Determining Impurities in 
Nickel Baths. W. L. Grube. MDDC 
1118* 


Nuclear Isomerism in Dysprosium-165. 
M. G. Inghram, A. E. Shaw, D. C. Hess, 
R. J. Hayden. MDDC 1121. Phys. 
Rev. 72, 515 (1947) 


Potentiometric Titration of Uranium With 
Ferric Sulfate. G. J. Nessle, C. C. Casto, 
E. F. Orlemann, W. R. Grimes, C. E. 
Larson. MDDC 1123 


On the Division of Nuclear Charge in 
Fission. R. D. Present. MDDC 1125*. 
Phys. Rev. 72, 7 (1947) 


Four Photographs Illustrating Production 
of Radioactive Materials. Clinton Na- 
tional Laboratory. MDDC 1137 


Portable Alpha Survey Meter, Mark |, 
Model 41A. Argonne National Labora- 
tory. MDDC 1157* 


The Transmission of Slow Neutrons through 
ag conga Materials. E. Fermi, 

J. Sturm. MDDC 1184. Phys. Rev. 
"1. 589 (1947) 


Preliminary Data on Rat Feeding with Bery/- 
lium. E. A. Maynard, W. L. Downs, H. 
Hodge. MDDC 1234 
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[ABULATED BELOW is a complete list of 
declassified documents on atomic en- 
ergy, as released by the British Ministry 
of Supply. The first listing of these re- 
ports was published in Nature on 
March 22, 1947, and was supplemented 
on September 27, 1947 by an additional 
listing. 

Included with the report titles are 
uuthors, BDDA numbers, and dates of 
publication. 

Copies of reports can be obtained 
from H. M. Stationery Office, P. O. 
Box 569, Cornwall House, London, 
S. E. 1, England. It is necessary only 
to quote the BDDA number. The re- 
ports are in the form of enlarged prints 
taken from microfilms; as an alter- 
native, films will be supplied if desired. 


Investigation of the Delayed Neutron Emis- 
sion from Fission Products, Using a Modu- 
ated Source of Primary Neutrons. N. 
Feather. BDDA 1 (8/41) 


Streamline Flow through a Pipe of Rec- 
tangular Cross Section. R. Peierls. 
BDDA 2 (11/41) 


On the Possibility of a Slow-Neutron Chain 
Reaction. O. R. Frisch. BDDA 3 (11/41) 


Separation of a Mixture of Three Com- 
ponents. R. Peierls. BDDA 4 (11/41) 


On the Counting of Neutrons using a Thick 
Layer of Hydrogen-rich Material and a 
Proportional Counter. N. Feather. BD 
DA 5 (3/42) 

Directional Correlation in Fission Pro- 
cesses: Calculations Relative to Possible 
Experiments. N. Feather. BDDA 6 
4/42 

The Mot o in a Self-fractionating Centri- 
fuge. P. A. M. Dirac. BDDA 7 (5/42) 


Isotope prota: of Uranium Samples by 
Veans of Their a-Ray Groups. O. R. 
Frisch. BDDAS8 (6/42) 


Absor ption . Measureme nts on the Radiations 
from 92U2® and o3X?3% N. Feather. 
BDDA 9 (7 /43) 

Determination of Number of Neutrons 
Emitted from a Source. J. Rotblat. 
BDDA 10 (10/42) 

Sg on the Theory of Supersonic Diffusers. 
’. Friedlander. BDDA 11 (11/42) 

a in the Gap between the Impeller and 


Diffuser. F. Friedlander. BDDA 12 
(1/43) 
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Energy Distribution of Fission Neutrons. 
R. Peierls. BDDA 13 (11/42) 


On a Modification of an Experiment J 
gested by Holt, Peierls =< Frisch. 
Feather. BDDA 14 (11/4 


The Blast Wave Due to an ia Explo- 
sion. G. J. Kynch. BDDA 15 (12/42) 

The Equation of State of Air at High Tem- 
perature. K. Fuchs, G. J. Kynch, R. 
Peierls. BDDA 16 (12/42) 


Determination of the Total Neutron Colli- 
sion Cross Section ‘’ Hydrogen and Car- 
bon. E. Bretscher, E. B. M. Murrell. 
BDDA 17 (1/43) 


The Ratio between Absorption Cross Sec- 
tions of Band H. H. Halban. F. Fenning, 
H. Seligman. BDDA 18 (1/43) 


Fluorinated Lubricants. J. R. Park. 
BDDA 19 (1/43) 


Some Theoretical Results on the Flow in 
Supersonic Diffusers. F. Friedlander. 
BDDA 20 (1/43) 


Use of a Small Boron Chamber for Measur- 
ing Absolute Yields of Neutron Sources. 
L. Kowarski, 8S. G. Bauer, H. Freundlich, 
A. N. May, H. Seligman. BDDA 21 
(1/43) 

On a Shock Wave Problem Arising in the 
Theory of Supersonic Diffusers. F. Fried- 
lander. BDDA 22 (1/43) 

Density Distribution near a Point Source. 
R. Peierls, B. Davison. BDDA 23 (2/43) 


Light Absorption by Two Black Hemi- 
spheres. O. RR. Frisch, R. Peierls 
BDDA 24 (2/43) 

Regularities in Successive §8-Disintegra- 
tions. N. Feather. BDDA 25 (4/43) 
Boundary Conditions in the ‘ Modified 
Diffusion Theory" for the Neutron Density 
Distribution in Presence of a Container 
(incomplete). B. Davison. BDDA 26 
(5/43) 

Boundary Conditions in the ‘ Modified 
Diffusion Theory” for the Neutron Density 
Distribution in Presence of a Container 
(incomplete). B. Davison. BDDA 27 
(3/44) 

The Blast Wave Due to an Intense Explo- 
sion. J. Howlett. BDDA 28 (4/43) 
On the Counting of the Alpha Particles 
Emitted by ‘‘Semi-thick’”’ Layers of Ura- 
nium: Effect of the Variation of Stopping 
Power with Velocity. N. Feather. 
BDDA 29 (6/43) 


Alpha Particle Group Analysis Using a 
Parallel-Plate Ionization Chamber: ae 
of Variation on Stopping Power 

Velocity. N. Souther” PBDDA 30 (6/43) 
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The Estimation of Deuterium in Water by 


the Temperature-Float Method. W. A. 
Bell. BDDA 31 (7/43) 

On the Flow of Gases through Expanding 
Pipes. F. ‘riedlander. BDDA 32 
(7/43) 

Part I: Approximate Rate of Neutron 
Multiplication for a Solid of ‘rs 
Shape and Uniform Density. P. A. M. 
Dirac. BDDA 33 (8/43) 


Part II: Application to the Oblate Sphe- 
roid Hemisphere and Oblate Hemispheroid. 
P. A. M. Dirac, K. Fuchs, R. Peierls, 
P. Preston. BDDA 34 (8/43) 


A Comparison of the Approximate Methods 
of Calculating the Critical Size of a Sphere. 
A. H. Wilson. BDDA 35 (8/43) 


The Loss of Energy by Fission Fragments at 
High Temperatures. J. Kynch. 
BDDA 36 (7/43) 


Physical Properties of Some g-Compounds 
(Fluorinated). W.N. Haworth. BDDA 
37 (8/43) 

Reduction in Neutron Density Caused by an 
Absorbing Disk. H. Skyrme. 
BDDA 38 (9/43) 


Detector Response to Neutrons Slowed down 
in Media Containing Cadmium. E. 
Broda, H. MHereword, L. Kowarski. 
BDDA 39 (9/43) 


Escape of Energy from a 
Ionization Chamber. T. H. 
BDDA 40 (10/43) 


The Critical Radius and the Time Constant 
of a Sphere Embedded in a Spherical Scat- 
tering Container. B. Davison. BDDA 
41 (11/43) 


Critical Radius for a Hemisphere with a 
One-Sided Infinite Container. B. Davi- 
son. BDDA 42 (11/43) 

Differential Diffusion through a Capillary. 
G. J. Kynch. BDDA 43 (12/43) 
Measurement of the Concentration of U*** 
in a Sample of Uranium Oxide Enriched in 


this Isotope. B. B. Kinsey, S. J. Cohen. 
BDDA 44 (12/43) 


Barium-139 as Fission 
Broda. BDDA 45 (12/43) 


Szilard-Chalmers Effect in Permanganate 


Cylindrical 
t. Skyrme. 


Indicator. E. 


Solutions. E. Broda. BDDA 46 (1/44) 
A Neutron Standard. E. Bretscher, 
A. B. Cook, G. R. Martin. BDDA 47 


(1/44) 

Determination of the Number of Neutrons 
Emitted by a Radium-Beryllium Source. 
E. Bretcher, A. P. French, G. R. Martin, 
M. J. Poole. BDDA 48 (2/44) 


The Effect of Small Departures from the 
Spherical Shape upon the Critical Size and 
Time Constant of the Sphere. A. H. 
Wilson. BDDA 49 (3/44) 
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Alpha-ray Analyses 4 U prantoas fortepes 
PartI. Apparatus. Clark, H. Spen- 
cer Palmer, R. N. Wondward: BDDA 50 
(5/44) 


Tests Concerning the Reproducibility of the 
RaBeF, Neutron Standard and its Calibra- 
tion as a Source of Neutrons. D.H. Wilk- 
enson. BDDA 51 (6/44) 


The Critical Size and Time Constant of a 
Spheroid. H. Fairbrother. BDDA 52 
(6/44) 


The Energy Spectrum of the Neutrons from 
the Lithium Reaction Kinsey, 
S. G. Cohen. BDDA 53 (6/44) 


Critical Radius of a Hemisphere Com- 
pletely Surrounded by a Container. P. D. 
Preston, B. Davison. BDDA 54 (7/44) 


The Effect of Anisotropic Scattering on the 
Multiplication ina Sphere. A. H. Wilson. 
BDDA 55 (7/44) 


Note on the Investigation of Spatial Asym- 
metry in Fast Neutron Fission Using a 
Double Ionization Chamber and Pulse 
Analyzer, and its Possible Bearing on the 
Problem of Large Capture Cross Sections at 
High Energies. N. Feather. BDDA 56 
(7/44) 

Todine-131 and 133 as Fission Indicators. 
E. Broda. BDDA 57 (9/44) 


On a Possible Method of Investigating the 
Back-Scattering of Alpha Particles under 
Conditions of ‘50% Geometry.” 
Feather. BDDA 58 (9/44) 


On the Distribution of Pulse Sizes in a 
Parallel-Plate Ionization Chamber Con- 
taining a Thick Layer of Hydrogen-rich 
Material Irradiated with a Parallel Beam of 
Neutrons. N. Feather, BDDA 59 
(10/44) 


A Rapid Colorimetric Method for the Deter- 
mination of Uranium in Solution of UO2F 2 
+ HF by means of Hydrogen Peroxide. 
A. A.Smales. BDDA 61 (11/44) 


Chance Coincidences between Nonrandom 
Sequences, with Particular Reference to 
Experiments Using a Cyclotron Source. 
N. Feather. BDDA 62 (1/45) 


X-ray Powder Patterns of Some U ranium 
Metal Compounds. H. 8S. Peiser, 
Aleoach. BDDA 63 (3/45) 


Upper Limits of the Fission Cross Sections 
of Lead and Bismuth for Li-D Neutrons. 


E. Broda, K. Wright. BDDA 64 
(4/45) 
The Range/Energy Relation for Alpha 


Particles of 0-5.3 Mev. 
BDDA 65 (5/45) 


A Photographic Plate Study of Neutrons 
from the D-D Reaction. . L. Livesey, 
D. H. Wilkenson. BDDA 66 (5/45) 


Differential pein 6 ~" h a Capillary, 
Part I (Mathematical G. J J. Kynch. 
BDDA 67 (6/45) 


D. H. Wilkenson. 
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The Assignment of the Slow-Neutron- 
Produced Activities of Thallium and the 
Dual “— roy of Radium E. E. 
Broda, N. Feather. BDDA 68 (6/45) 


The Pre nasietiion of a Strong, Thin, Polo- 
nium Source and Preliminary Experiments 
on the Yield of (a,n) Reactions. E. Broda, 
P. K. Wright. BDDA 69 (7/45) 
Differential Diffusion through a Capillary, 
Part II. G. J. Kynch. BDDA 70 
8/45 

Veasurement of a Flux of Fast Neutrons 


vith a Counting Pressure-l onization Cham- 
he K. W. Allen. BDDA 71 (8/46) 


The Application of the Photographic Plate 
to the Quantitative Determination of Activi- 
by Track Counts. E. Broda. BDDA 


7? (8/46 


The Permeability of Metals to Argon and 
Helium. British Non-Ferrous Metals Re- 
search Association. BDDA 73 (10/46) 


Report on Experimental Work ag Fluorine 
Production to May, 1939. J. W. Thomp- 
son. BDDA 74 (6/39) 

Inve eatin on Oxides of Uranium. 
W. N. Haworth. BDDA 75 (11/41) 

1 New Method of Investigating the Angular 
Distribution of High-energy Neutrons 
Scattered by Protons. N. Feather. 
BDDA 76 (3/42) 

The Pre paration of Fluorine. 
BDDA 77 (5/42) 

Capture Cross Section of N, Mg, S, Ca and 
Pb for Thermal Neutrons. F. W. Fenning, 
H. Seligman. BDDA 78 (11/42) 

Note on the Inelastic Scattering of Fast 
Neutrons. N Feather. BDDA 79 
11/42 

Neutron-produced Radioactivity in Relation 
to the Detection of High-energy Neutrons: 
Vazrimum Sensitivity of a Counter. N. 
Feather. BDDA 80 (11/42) 

Equilibrium Time in a Separation Plant. 
R. Peierls BDDA 81 

Effect of a Stationary Layer of Thickness b 
in front of the Diffusing Membrane. 
R. Peierls. BDDA 82 


J. Ferguson. 


Separating Effect of 


Passage through 
Capillary. R. Peierls 


BDDA 83 


Effect of Boundary Layer i Swept Mem- 
branes. K. Fuchs. BDDA 84 


Clusius-Dickel Device as Gland. R. Peierls. 
BDDA 85 


Critical Conditions in Neutron Multiplica- 
tion. M. H. L Pryce. BDDA 86 


Effect of a Scattering Container on the 
Critical Radius and Time Constant. K. 
Fuchs. BDDA 87 


Preparation of Metallic Uranium by Elec- 
trolysis of the Fused Salts. W. N. Ha- 
worth. BDDA 88 


The ‘* Metalectric’’ Furnace (with sketch). 
Tomlinson (Metalectric Co., Ltd.). 
W. N. Haworth. BDDA 89 


Note on the Compression at yy hg tne r 
Entry in Compressor I.Z I . Fried- 


lander. BDDA 90 (7/43) 

Density of Resonance Neutrons in Hydrog- 
enous Media near the Source. D. V. 
Booker, E. Broda, L. Kowarski. BDDA 
91 (1/44) 


Receiving Time and Counting Errors in 
Discriminators and Scaling Units. T. E. 
Cranshaw. BDDA 92 (1/44) 


Distribution of Slow Neutrons in Rarefied 
Hydrogenous Media. L. Kowarski, D. 
West. BDDA 93 (2/43) 


The Determination of Uranium in Urine. 
A Proposed Modification and Some Notes 
on the Method. A. G. Jones. BDDA 94 
(8/44) 


A New Method of Determining the Time 
Constant of a Sphere ina Container. A. H 
Wilson. BDDA 95 (8/44) 


Extraction of Protactinium from a Sili- 
caceous Raw Material. FE. Broda, P. K. 
Wright. BDDA 96 (3/46) 


Separation of Isotopes. R. 
Fuchs. BDDA 97 (2/47) 


The Spectrographic Analysis of Uranium 
A. Waish. BDDA 98 (3/47) 


Peierls, K 








S. A. Goudsmit . . . takes pains to emphasize that German 
science had atrophied (in World War II) because of its arro- 
gance and complacency, its narrow political domination, with 
the barring of many of its greatest men from work or even from 
the land itself, and its increasing emphasis on technology. 
Those are certainly errors we come close to repeating in 1947. 

-Philip Morrison, from review of “Alsos”’ by S. A. Goudsmit, 

Bulletin of the Atomic Scientists, December, 1947 
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NUCLEONIC EVENTS 





Recent British Symposium on 


Peaceful Applications of Nuclear Fission 


A symposium on the ‘‘Peaceful Appli- 
cations of Nuclear Fission’? was ar- 
ranged by the Mathematics and Physics 
Section at the recent meeting of the 
British Association at Dundee. Sir 
Edward Appleton, who as president of 
the section opened the meeting, com- 
mented that no scientific subject had 
ever aroused quite the same mixture of 
hopes and fears. 

Dr. J. D. Cockcroft remarked that 
the peace-time applications of nuclear 
fission would result from the achieve- 
ment of a divergent nuclear chain reac- 
tion in the atomic pile—first built by 
Prof. E. Fermi in the University of 
Chicago in 1942. The fission pile pro- 
vides a much more powerful source of 
neutrons than the largest cyclotron. 
The pile would make possible new types 
of experiments in nuclear physics and 
would be the main source of radioactive 
isotopes. With the production of neu- 
trons goes the development of heat, and 
the pile is a potential though not certain 
new source of power for the world. 

The first objective of Britain’s Atomic 
Energy Research Establishment at Har- 
well, Berkshire, had been the construc- 





EDITOR’S NOTE: The information 
contained in this account was reported 
by J. D. Cockcroft, Director of the 
Atomic Energy Research Establish- 
ment at Harwell, England. It ap- 
peared originally on October 4, 1947, 
in the British publication Nature. 
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tion of a low-power graphite pile known 
as ‘‘G.L.E.E.P.” similar to that now in 
use at the Argonne National Laboratory 
in Chicago. This pile consists of several 
hundred tons of graphite bricks between 
which are grooves for the insertion of 
uranium metal and uranium oxide 
Surrounding the pile is a shield of con- 
crete about five feet in thickness. This 
is required to reduce the intensity of the 
neutron and gamma radiation developed 
inside the pile to tolerance-levels. The 
shield is pierced with holes for control 
instruments, control rods, and safety 
rods, and for “thermal columns” to 
bring neutrons of thermal energy out to 
the shield face for experiments. 

The concrete shield and its accessories 
took about a year to build. Loading of 
the uranium started on August 5, 1947, 
and was completed by August 15. Dur- 
ing the loading of the uranium, the 
multiplication constant, k, of the pile 
increased toward unity, and since one 
neutron released in the spontaneous 
fission of a U*8 nucleus leads to 
1 +k + k? or 1/(1 — &) neutrons, the 
course of approach to the critical or 
divergent state is followed by recording 
by a boron trifluoride-filled counter the 
flux of neutrons inside the pile. Thus 
on August 7, when 7 tons of uranium 
had been loaded, the counter recorded 
17 neutrons per minute. By August 11 
this had increased to 55 neutrons per 
minute, by the morning of August 15 
to 2,400, and by early afternoon to 
6,600 per minute. At this point the 
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counter was saturated—the pile being 
ilmost divergent. During the last 
stages of loading, the control rods were 
partially inserted, reducing k slightly. 
Uranium then loaded until the 
divergent point was just passed. At 


was 


this stage the pile generated about 0.1 
watt of thermal energy. 

The power-level increases exponen- 
time but with a 
The period depends on 


tially with very 
long pe riod. 
1/(h 1), and with an excess of k of 
1 40,000 the period is one hour. The 
pile is therefore very easy to control. 
\ withdrawal of the control rods led to 
1 decrease of the period to about a 
minute and the power-level was allowed 
to increase to 100 watts, at which level 
ionization chambers had been pre-set to 
release the shut-off rods and shut down 
The first objective of the 
Harwell work had, therefore, 
realized in about fifteen months. 
Measurements would now be carried 
out to determine all the pile character- 
This was expected to take about 
one month. After that the power-level 
would be increased to a level set by the 
operating temperature of the 
uranium. In this pile only very simple 
cooling is used, and it would probably 
be necessary to limit the average power 
to about 50 kilowatts. At this power- 
level there would be a maximum thermal 
neutron flux of 10'° neutrons per sq cm 
per sec; the total number of neutrons 
generated would be about 3 X 10" per 
sec, of which about one per cent could 
be used for production of radioactive 
isotopes or for experimental work. 


the pile 
been 


istics 


safe 


Isotope Production 

It was intended to start radioactive 
isotope production immediately. Some 
isotopes could be produced in adequate 
intensities by this pile—thus it is esti- 
mated that 5-10 curies per month of 
radiophosphorus could be produced 
monthly by the capture of neutrons in 
phosphorus. Production of high spe- 
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cific activity P*? by the (n,p) reaction in 
sulphur would be considerably smaller. 
Long-lived isotopes such as C'™* could 
only be produced in small quantities, 
and adequate production would have to 
await the completion of the second 
Harwell pile. 

One of the principal applications of 
the low-power pile is the study of the 
nuclear reactions of elements with slow 
neutrons. The introduction of as little 
as 0.1 mg of cadmium into the pile pro- 
duces a detectable change of power- 
level; and from the rate of change, the 
absorption cross section for slow neu- 
trons can be determined. In practice, 
specimens under investigation are moved 
into and out of the pile with a period 
of 20 see or so and the amplitude of 
oscillation of the power-level measured 
by a resonant galvanometer or other 
suitable methods. A pile of this type 
is an indispensable tool for the control 
of nuclear properties of all basic ma- 
terials used in the construction of piles. 


To Increase Power Level 

The power-level of a pile can be in- 
creased by more intensive cooling of the 
uranium metal, and in the second Har- 
well pile the metal rods will be cooled 
by a high-speed stream of air flowing 
past the rods. In this way the power- 
level could be increased to several thou- 
sand kilowatts. The uranium metal 
would be sheathed with aluminum to 
prevent oxidation and escape of fis- 
sion products. The decreasing creep 
strength of aluminum with increasing 
temperature would probably limit sur- 
face temperatures to about 350° C, and 
emergent gas temperatures would there- 
fore be limited to about 300° C. Al- 
though this is not high enough for 
efficient power production, a heat 
exchanger would be placed in the emerg- 
ing gas stream and some use made of 
the pile heat. 

The emergent gas temperature could 
be increased if a material having more 
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favorable properties could be substi- 


tuted for aluminum. Metals such as 
steel would reduce the multiplication 
constant below unity; beryllium would 
be suitable if it could be produced in 
ductile form. 

The second Harwell pile will be used 
to study problems of power production. 
Thus it is important to study the effect 
of neutron irradiation on the physical 
properties of materials used in piles 
it is known that some deterioration 
takes place. It is also important to 
study the effect of formation of fission 
products on the multiplication constant 
of the pile, and in particular the effect 
of the partial substitution of U?** by 
plutonium in the pile. 

It is expected that the neutron flux 
and available neutrons will be of the 
order of a hundred times that available 
in the G.L.E.E.P. This would make 
possible the full production of most 
radioactive isotopes required in Britain. 
A few isotopes would be limited in 
quantity. 

This pile would also provide a power- 
ful source of fission products—which 
are distributed among the thirty-five 
elements from zine to gadolinium. At 
1,000 kw power-leve', about a gram a 
day of fission products would be 
produced. 

Other types of pile important for 
scientific research include the heavy- 
water piles. These piles have a higher 
multiplication constant than the graph- 
ite pile, and would use a substantially 
smaller amount of uranium and moder- 
ator. For a fixed power output they 
could give a much higher neutron flux, 
and this is very important for some 
experiments and for the study of future 
developments. A high-power heavy- 
water pile has recently been completed 
at Chalk River by the Canadian 
National Research Council, and will 
provide an important experimental tool 
for atomic energy research. 

The future of the application of 
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nuclear fission to the large-scale de- 
velopment of power is at present ob- 
secured by lack of information on a 
number of essential points. 

A pile using natural uranium sheathed 
by aluminum and cooled by a circu- 
lating gas could be used for steam 
generation and power production by a 
steam turbine. Experimental plants of 
this type would probably be built, 
though their thermodynamic efficiency 
would be low, due to the temperature 
limit of aluminum. If nature were 
exceptionally kind, a plant of this kind 
containing 100 tons of uranium would 
generate 100,000 kw of thermal energy 
for twenty years without fuel replace- 
ment. Actually, however, the forma- 
tion of fission products will probably 
lead to poisoning of the chain reaction 
due to their additional absorption, and 
difficulties may be experienced because 
of deterioration of materials under the 
intense neutron bombardment of the 
pile. The metal will, therefore, have 
to be withdrawn at frequent intervals, 
the fission products extracted and the 
uranium and plutonium reprocessed. 
Until operating experience tells us how 
frequently this will have to be done, 
and what the costs will be, it is not 
possible to predict the costs of nuclear 
power. The position about reserves of 
nuclear fuel is equally uncertain at the 
present time, since the proportion of 
the uranium which can be used is 
unknown. 


Full Use of Available Energy 


So far, piles have used only a fraction 
of the energy of U2*5. In the future, 
we may hope to do considerably better 
than this. As a pile burns up the 
primary fuel atoms of U2*5, the neutrons 
released in the fission can turn U*** into 
plutonium, which is fissionable by slow 
neutrons and is a secondary fuel just as 
good as U5, One U?5§ atom will in 
general be replaced by rather less than 
one plutonium atom; this in turn will 
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ve partially replaced. The over-all 
result is that there is a possibility of 


utilizing more than the fission energy 


of U2*®. Ideally we might go a long 
vay toward reaching the full utilization 
of U?**—how far we can go we do not 
know. 


There is also a possibility of utilizing 
the fission energy of thorium by turning 
t into U**3, which is also fissionable by 
slow neutrons. 

One other major uncertainty stands 
in the way. With nuclear power goes 
. very large-scale production of radio- 
ictive materials. A power plant gener- 
iting the thermal energy of a million 
kilowatts produces daily an activity of 
the order of a million curies even after 
in appreciable decay is allowed for. A 
world run on nuclear power would 
generate at least a hundred times this 
ictivity. The safe disposal of these 
products presents a major problem. 


Fission Pile in Nuclear Research 

Prof. O. R. Frisch described the 
pplication of the fission pile to nuclear 
research. A high-power pile of the 
type being built at Harwell would pro- 
duce very large numbers of fast and 
slow neutrons. Experiments requiring 
fast neutrons continue to be carried 
out, for the most part, on cyclotrons, 
which provide a point source of fast 
neutrons, whereas the pile neutrons are 
spread out over several thousand cubic 
feet of pile volume. The pile has, how- 
ever, a decisive advantage for experi- 
ments with slow neutrons, since the 
cyclotron source becomes diffuse in 
slowing down the neutrons. 

Experimental work was described 
using a mechanical velocity selector to 
study the velocity distribution of slow 
neutrons emerging from the pile. 
Filtering through graphite has been 
shown to reduce their mean velocity by 
a factor of 4 owing to their wave 
properties leading to selective trans- 
mission through the graphite lattice. 
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his is due to the absence, for very slow 
neutrons, of lattice planes fulfilling the 
Bragg reflection condition. On the 
other hand, homogeneous neutron beams 
can be obtained by Bragg reflection 
from crystals, and the crystal spec- 
trometer provides a powerful method of 
studying neutron-capture phenomena. 
It is expected also that neutron scatter- 
ing from hydrogen atoms in crystals 
may result in neutron spectroscopy 
being a valuable tool for the organic 
chemist. Slow neutrons have been 
shown to be totally reflected at glancing 
angles; this proves that the refractive 
index of the materials used (glass, 
graphite, etc.) is less than unity for 
neutron waves. The intense beam of 
pile neutrons would make it worth while 
to look for the decay of the neutron 
into a proton and an electron. 


Pile Production of Isotopes 

Mr. W. G. Marley described the pro- 
duction of radioactive isotopes in a pile 
The simplest procedure is to produce 
them by neutron capture, that is, by 
(n,y) reactions. The materials to be 
irradiated are placed in the reflector of 
the pile, where up to one fortieth of the 
pile neutrons can be absorbed for this 
purpose. 

Some biological experiments require 
a high specific activity—500 millicuries 
per gram of materials. For this pur- 
pose it might be necessary to use (n,p) 
reactions, for example, in 8**(n,p)P**. 
Many of these reactions require fast 
neutrons and can be produced only in 
the core of the pile, where the available 
neutrons will be only about one tenth 
of those available in the reflector. A 
few isotopes such as tritium would be 
produced by (n,a) reactions. The 
high-power Harwell pile would be able 
to produce quantities of most isotopes 
more than adequate for all likely re- 
quirements. A few long-lived isotopes 
such as tritium, C'*, Cl*’7, would be 
limited by pile capacity, though an 
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annual production of 4-5 curies of C' 
should be possible. 

It is expected that a few radioactive 
isotopes, such as Na*?, will still have 
to be produced in the cyclotron, since 
they can be produced only by (n,2n) 
reactions which require very fast 
neutrons. 

Radioactive isotopes produced by 
(n,p) reactions would require chemical 
separation; and when the processes 
have been established at the Harwell 
station, routine separation will be 


carried out by the Radiochemical 
Center of the Ministry of Supply. The 
allocation of radioactive isotopes will be 
carried out by a subcommittee of the 
Advisory Council for the Radiochemical 
Center. This subcommittee, under the 
chairmanship of Dr. J. D. Cockcroft, 
includes representatives of user inter- 
ests—the Medical and Agricultural Re- 
search Councils and the Department of 
Scientific and Industrial Research, 
which will represent the universities 
and industry. 





Heat Transfer Symposium Held at Oak Ridge 


HEAT TRANSFER, a factor of prime im- 
portance in nuclear energy develop- 
ment, was the subject of a week-long 
symposium held December 8-13 at 
Oak Ridge, Tennessee, under the spon- 
sorship of the Nuclear Energy for 
Propulsion of Aircraft Division of Fair- 
child Engine and Airplane Corporation. 
Twenty-eight speakers from industry 
and the universities presented papers 
on aspects of convection, conduction, 
radiation, boiling, condensation, mathe- 
matical and analog methods, and mate- 
rials of construction. 

General T. A. Sims, general manager 
of NEPA; Gordon Simmons, technical 
director of NEPA; and W. P. Miller, 
Atomic Energy Commission, welcomed 
the group of approximately 400 engi- 
neers who attended the meeting. J. 
Carlton Ward, president of Fairchild 
Engine and Airplane Corporation, gave 
a short address on the major importance 
of heat transfer in the present technical 
developments of nuclear energy pow- 
ered aircraft, and in world affairs. 





This review was prepared by Chemi- 
cal Engineering. It was reported by 
W. B. Harrison and R. M. Boarts. 
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The papers described theory and 
presented experimental data for a wide 
variety of cases. Hunter Rouse, Uni- 
versity of Iowa, showed that use of 
continuous lines of gasoline burners at 
ground level to study heat requirements 
as a function of burner location and 
cross-wind velocity yielded results 
which are considered applicable to all 
similar problems of gravitational dif- 
fusion from a boundary source. From 
experimental work at Massachusetts 
Institute of Technology, J. H. Keenan 
related the friction and heat transfer 
factors to the development of the 
boundary layer for subsonic and super- 
sonic compressible flow. A. H. Shapiro, 
Massachusetts Institute of Technology, 
presented a one-dimensional analysis for 
flow without shocks, taking into account 
the simultaneous effects of area change, 
wall friction, heat exchange, chemical 
reaction, change of phase, and changes 
in molecular weight and specific heat. 

Methods were presented by H. C. 
Hottel, Massachusetts Institute of 
Technology, for determining tempera- 
ture distribution in enclosures contain- 
ing specified heat sources and sinks, 
with modifications introduced by super- 
imposed gas convection. In his paper 
on high densities of heat flux, W. H. 
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McAdams, Massachusetts Institute of 
rechnology, showed that peak density 
of heat flux can be increased by (1) 
use of subcooled liquid, (2) increase of 
velocity past the heat transfer surface, 
ind (3) use of the most favorable pres- 
sure. High-speed motion pictures were 
shown by Professor McAdams which 
demonstrated the difference in the 
mechanisms of nucleate and film boiling. 
Basic heat transfer equations and 
limitations of these equations were pre- 
sented by H. J. Stoever, Iowa State 
College, for conduction, convection, and 
radiation. In a paper on the effect of 
vapor velocity on condensation inside 
tubes, A. F. Colburn, University of 
Delaware, showed that a new treatment 
of condensate turbulence resulted in a 
relatively simple relation for determin- 
ing the heat transfer coefficient. 

Presenting a paper on heat transfer 
rates to flowing granular solids, R. L. 
Pigford, University of Delaware, showed 
that existing heat transfer equations for 
rod-like flow of fluids correlated experi- 
mental data for the case of constant 
tube-wall temperature, if the thermal 
conductivity of a stationary bed of 
granular solid was used to evaluate the 
Graetz modulus. A heat balance equa- 
tion was presented by R. H. Wilhelm, 
Princeton University, and solutions 
were discussed for (1) kinetics and 
thermodynamics of reaction, (2) solid- 
gas convection heat and mass transfer 
coefficients, and (3) thermal conduc- 
tivity of granular media. Professor 
Wilhelm also described a method for 
analyzing the thermal balance by means 
of an electrical network. F. W. Bubb, 
Washington University of St. Louis, 
explained the theory of direct current 
networks for solving problems of tran- 
sient and steady state heat flow. 
Advantages of orthogonal curvilinear 
mesh systems were shown, and new 
methods of constructing them were 
described. 

M. F. Valerino, National Advisory 
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Committee for Aeronautics, developed 
equations for compressible flow of a gas 
stream for three cases: (1) isothermal 
flow, (2) constant wall temperature, and 
(3) constant heat flux. A paper on 
heat transfer to boiling liquids at 
saturation temperature was presented 
by Charles F. Bonilla, Johns Hopkins 
University, with particular attention 
being given temperature difference re- 
quirements and heat transfer rates up 
to the critical pressure. Special lab- 
oratory apparatus for measuring rapidly 
fluctuating temperatures in solid bodies 
and gas streams was described by G. A. 
Hawkins, Purdue University. In a 
paper by Byron E. Short, University 
of Texas, data on investigations in fluid 
mechanics were used to calculate pres- 
sure losses in heat exchangers having 
various baffle types and spacings, and 
various tube sizes and spacings. 

Describing recent work on finned 
tubes at the University of Michigan, 
Donald L. Katz presented data for the 
following cases: (1) air flowing across 
single tubes and tube banks; (2) liquids 
and gases flowing in an annulus outside 
a finned tube; (3) condensation outside 
a single spiral finned tube, outside of 
six tubes in a vertical row, and in a 
commercial refrigerant condenser; (4) 
boiling of liquids outside finned tubes. 
In a paper entitled, “Exploding a Heat 
Transfer Myth,” Benjamin Miller, 
consulting engineer, traced the film 
theory of thermal resistance from 
Peclet’s hypothesis up to the present 
time. It was pointed out that sup- 
posed data of Nikuradse, which have 
been used to verify the relationship 
between heat transfer and fluid flow 
in the film, are not Nikuradse’s actual 
experimental data. J. W. Freeman, 
University of Michigan, presented 
information on types, significant prop- 
erties, and possible applications of heat- 
resisting materials now in the research 
and development stage. 

In a paper on heat transfer to oils 
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in tubular exchangers, O. P. Bergelin, 
University of Delaware, presented data 
on the effects of tube arrangement, 
viscosity, and leakage around the tube 
bundle. Motion pictures were used 
to show flow patterns around various 
tube bundles. R. L. Scorah, Univer- 
sity of Missouri, showed a motion pic- 
ture on boiling water with a heated wire, 
along with his presentation of other 
data on the effects of pressure change 
and nature of metal surface. With a 
constant heat flux, it was possible to 
operate the apparatus at three different 
values of temperature difference be- 
tween the wire surface and the water. 
Heat transfer investigations in a recir- 
culating atmosphere furnace were de- 
scribed by C. A. Siebert, University of 
Michigan. Fundamental heat transfer 
considerations were presented by L. M. 
K. Boelter, University of California, 
with reference to two cases in particu- 
lar: (1) combined forced viscous and 
free convective flow; (2) entrance 
effects for flow through tubes. Pro- 
fessor Boelter also described three 
instruments of value in heat transfer 
research—heat meter, radiometer, and 
area indicator. 

In a paper on prediction of recovery 
factors, Howard W. Emmons, Harvard 
University, presented a simple expres- 
sion for laminar flow of a constant 
velocity free stream. Qualitative con- 
siderations were applied to thermo- 
couple recovery factors and heat trans- 
fer coefficients. In cases which are too 
complicated for formal solution of the 
differential equation for heat conduction 
with transient conditions, G. M. Dusen- 
berre, University of Delaware, showed 
that, making certain assumptions, 
numerical solutions can be found by 
means of the finite-difference equation. 
S. M. Marco, Ohio State University, 
developed expressions for computing 
the net interchange of heat between a 
body and its surroundings, when the 
body is located at such an altitude that 
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heat is transferred by radiation alone. 
In a paper presented by L. M. K. 
Boelter for R. C. Martinelli, General 
Electric Company, heat transfer to 
molten metals was examined on the 
basis of the analogy between heat and 
momentum transfer. 

Radiant heating of thick objects pos- 
sessing low thermal conductivities was 
the subject of a paper by Harold J. 
Garber, University of Tennessee. The 
case described involved a non-uniform 
temperature distribution in both the 
transient and steady-state periods of 
heating. Operating and design data 
were included in a paper by K. W. 
Coons, University of Alabama, on the 
“spiral” and contact types of heat 
exchangers. Townsend Tinker, Ross 
Heater and Manufacturing Company, 
presented fluid flow patterns and a new 
method for evaluating mass flow rate 
on the shell side of a segmentally baffled 
shell and tube heat exchanger. 

It is expected that a transcription of 
the proceedings will be available in the 
near future. Further information may 
be obtained from S. Turkel or Don 
Cowen, NEPA Division, Fairchild 
Engine and Airplane Corp., Oak Ridge, 
Tennessee. 


UNIVERSITY OF WASHINGTON 
TO BUILD 60-INCH CYCLOTRON 


Plans for immediate construction of 
a 200-ton, 60-inch cyclotron have been 
announced by Raymond B. Allen, presi- 
dent of the University of Washington at 
Seattle. 

The machine and the structure in 
which it will be housed will cost an esti- 
mated $375,000. A site has been se- 
lected on the university campus. 

Patterned after the Crocker cyclotron 
at the University of California, the new 
cyclotron will be capable of accelerating 
alpha particles to approximately 40 
Mev and deuterons to approximately 
20 Mev, Dr. Allen said. The vacuum 
chamber, the pumps and the huge 
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electromagnet, all parts of the device, 
will be underground, and thus will 
provide protection from radiation. 
Earlier cyclotron models were provided 
with radiation shields made of concrete 
blocks and water-filled containers 

The eyclotron building will be 40 by 
30 feet in size with a ceiling about 30 
feet high. University technicians are 
making parts for the cyclotron in vari- 
Ernest O. 
Lawrence, pioneer cyclotron designer, 


sus campus laboratories. 


Enrico Fermi and other noted nuclear 
physicists have aided university officials 
n planning the installation. 

A large cloud chamber for cosmic-ray 
studies and a 4 Mev Van de Graaff 
generator are scheduled for later con- 
struction as funds become available 


AEC REGULATES EXPORT 
OF NUCLEAR EQUIPMENT 

Export of most technical equipment 
onnected with atomic energy work has 
heen simplified by issuance of definite 
\tomic Energy Commission regulations 
on the subject. Until now, export of 
most equipment of this nature has met 
with much difficulty. 

Exporters had to get a Commerce 
The department 
referred all such matters to the AEC. 
In the absence of definite regulations, 
rejection was almost automatic. 
regulations list certain 
specific kinds of equipment which are 
Fquipment not 
listed is in the clear, so far as the AEC 
is concerned. 

Most rigidly restricted are machines 
capable of production of uranium-235 
or plutonium. This includes, of course, 
nuclear reactors and uranium isotope 
separation equipment, most of which it 
is already illegal for anyone except the 
AEC to own. But it also includes 
accelerators of positive particles (such 
as cyclotrons and linear accelerators) 
with a rating of more than 1 Mev. 
These are called class I equipment 
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Department license. 


The new 


subject to restriction. 


A specific AEC license is required for 
manufacture, ownership, or export of 
any class equipment. Present owners 
must also obtain a license. 

Class II 


nificant to industry, is limited to specific 


equipment is more sig- 


listed material, and is more loosely 
controlled. Here, a license is required 
for export or for manufacture known to 
be for export. However, manufacture 
for ultimate incorporation in an ex- 
ported item does not require a specific 
license. 

Class II equipment consists of the 
following: 

1. Radiation their 
In addition to highly specialized 


detectors and 
parts. 
components, this includes microam- 
meters sensitive to less than 1 micro- 
microampere; electrometer-type tubes 
with grid inputs of less than 1 micro- 
microampere; high-gain, high-impedance 
linear pulse amplifiers; resistors of 
more than one thousand megohms 

2. Mass spectrometers and parts 

3. Vacuum 
inlet jet diameters of 12 inches or more 

4. Van de Graaff and similar ma- 


diffusion pumps with 


chines capable of sustaining more than 
100,000-volt potential differences. 


Robert Colborn 
McGraw-Hill Washington Bureau 


W. F. LIBBY BECOMES MEMBER OF 
“NUCLEONICS” EDITORIAL BOARD 


W. F. Libby, professor of chemistry 
and member of the Institute of Nuclear 
Studies, University of Chicago, has 
accepted an invitation to become a 
member of the Editorial Board of 
NUCLEONICS, commencing with this 
issue. After receiving his B. S. in 
1931 and Ph. D. in 1933 from the 
University of California, Dr. Libby 
was an instructor of chemistry there 
from 1933-1938, assistant professor 
from 1939-1942, and associate profes- 
sor from 1942-1945. During the latter 
period, he was also a member of the 
Columbia University Division of War 


75 





1941, Dr. 
Memorial 


Research. In 
a Guggenheim 
Fellow. 


Libby 
Foundation 


was 


U.S. NUCLEAR INFORMATION 
TO AID INDIAN RESEARCH 

Considerable importance is attached 
by Indian scientific circles to the an- 
nouncement that diplomatic negotia- 
tions have resulted in an American 
agreement to release certain informa- 
tion and data on atomic energy research 
to Indian nuclear research centers. 

Opinion is that India, which has high 
hopes of exploiting thorium-bearing 
deposits in South India, will be saved 
much preliminary work by the Ameri- 
can assistance. 

Large-scale research is being centered 
at the Tata Institute of Fundamental 
Research in Bombay. Steps have been 
taken to procure a 200-Mev high-energy 
accelerator for the laboratory and a 
crew of technicians now is in training 
to work with it and maintain it. 

The institute is steadily building up 
its staff, and assigning them prelimi- 
nary work in advanced physics and 
mathematics. 

McGraw-Hill World News 


DU PONT COMPANY TO AWARD 
81 UNIVERSITY FELLOWSHIPS 


The du Pont Company, Wilmington, 
Del., has announced that it is awarding 
eighty-one post-graduate and _post- 
doctoral fellowships to forty-seven uni- 
versities throughout the country for the 
1948-49 academic year. 

Offered for the first time this year are 
post-graduate fellowships in electrical 
engineering, at the University of Illinois 
and Massachusetts Institute of Tech- 
nology, and in metallurgy, at Lehigh 
University. Three other new awards 
are post-graduate fellowships in chem- 
istry at Carnegie Institute of Tech- 
nology, University of Delaware and 
Washington University at St. Louis. 
All the awards made in the preceding 
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year’s program are being continued. 

Each post-graduate fellowship pro- 
vides $1200 for a single person or $1800 
for a married person, together with an 
award of $1000 to the university. 
Each post-doctoral fellowship provides 
$3000 for the recipient, with a grant of 
$1500 to the university. The grants 
to the university are intended to finance 
tuition and fees, and whatever funds 
remain are to be used by the adminis- 
tering department as it sees fit. 

In this program forty-five 
of the company’s post-graduate fel- 
lowships are in chemistry, five in 
physics, fifteen in chemical engineering, 
seven in mechanical engineering, two 
in electrical engineering and one in 
metallurgy. The plan also provides 
for six post-doctoral fellowships in 
chemistry. Awards in the post-doc- 
toral field support the development of 
men who would prefer to remain in 
academic work and who would be 
qualified for staff positions on graduate 
faculties. 


year’s 


SOVIETS DEVELOP 
NEW ELECTRON MICROSCOPE 

Soviet scientists engaged in nuclear 
research have been given a powerful 
new instrument, an electron microscope 
of 100 kilovolts with 200,000 times 
magnification power, the first and most 
powerful instrument of its kind designed 
and produced in the Soviet Union. 

The new microscope was developed 
at the electron microscope section of the 
Soviet Electrical Industry Ministry’s 
Research Institute, by a group of Soviet 
physicists under the direction of Acad- 
emician A. Lebedev. Eighteen months 
were required to produce the first 100- 
kilovolt microscope; a second was ex- 
pected to be completed by the end of 
December. 

Specialists on the staff of the electron 
microscope research center have pro- 
duced for the first time in the USSR 
a current supply system for electron 
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microscopes, and are engaged in devel- 
opm®@nt of electron microscopes having 
small dimensions for general 


laboratory use 


overall 


The small-size electron microscope 
being developed is described as of 20,- 
000 times magnification power, easy to 
operate and not much larger than ordi- 
tary microscopes having at best 2,000 
Wide utili- 


zation of the small-sized electron micro- 


times magnification power. 


scope is expected as a general-purpose 
iboratory instrument. 


McGraw-Hill World News 


AEC APPROVES RESEARCH CENTER 
AT UNIVERSITY OF ROCHESTER 

The United States Atomic Energy 
Commission has announced approval 
of an expenditure of $615,000 for build- 
ing and equipping a six-story medical 
ind biological training and research 
center on the campus of the University 
of Rochester, at Rochester, N.Y. 

Construction of the new 
center was recommended by the AEC 
\dvisory Committee on Biology and 
Medicine to provide facilities for train- 


medical 


ing medical scientists and technicians 
to meet problems encountered in the 
field of atomic energy. In recommend- 
center, the committee 
that the present large 
medical school enrollment and result- 
int lack of adequate training and 
teaching facilities in U. S. universities 
produced a major obstacle to the pro- 
\EC program. The new facili- 
ties also will permit extension of the 


ing the new 


pointed out 


posed 


medical and biological research program 
which has been conducted for the U. 8. 
Government at the University of 
Rochester over the past several years. 

Two floors of the new building, which 
is to be located adjacent to the uni- 
versity’s School of Medicine and Den- 
tistry, will be devoted to an AEC- 
financed educational program for med- 
ical doctors, biologists and health 
physicists. 
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Under the program medical doctors 
will receive post-graduate training in 
the treatment of radiation sickness, in 
the use of for tracer 
studies and therapy, and instruction 
in such topics 


radioisotopes 


as pharmacology and 
materials, 
principles of shielding, design of radio- 
chemical 


toxicology of radioactive 


laboratories, techniques of 
personnel monitoring, hazards of re- 
actor operation, prevention of radio- 
active contamination and methods of 
decontamination, and the disposal of 
radioactive waste materials. 

Two floors of the medical building 
will be reserved for the continuation 
and expansion of the present medical 
research program now carried on by 


the university under contract with 
the Atomic Energy Commission. This 
present program centers around the 


medical and biochemical aspects of 
radioactive substances and is under the 
direction of Dr. Henry A. Blair, physio- 
logist and biophysicist at the Rochester 
School of Medicine and Dentistry. 
Dr. Blair has succeeded Dr. Andrew H. 
Dowdy, formerly radiologist at Strong 
Memorial Hospital, Rochester, who 
headed the program during the war. 





MEETINGS 


American Society of Civil 


York, N. Y., Jan. 21-23 


New 


Engineers 


American Institute of Electrical Engineers 
Winter General Meeting, William Penn 
Hotel, Pittsburgh, Pa., Jan. 26-30 


New York, N. Y., 


American Physical Society 
Jan. 29-31 


Electrochemical Society 


14-17 


Columbus, O., April 


American Chemical 113th 
Meeting, Chicago, Lil., April 19-23 


Society Annual 


American Association of Petroleum Geologists— 
Denver, Col., April 26-29 


American Society of Medical Technologists— 
St. Paul, Minn., June 7-9 


Institute of Radio Engineers—6th Annual Elec- 
tron Tube Conference, Cornell University 
Ithaca, N. Y., June 28, 29 
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Personnel Protection with Pocket lonization Chambers 


By ROBERT E. RINAKER 


The Victoreen Instrument Co. 
Cleveland, Ohio 


THE SERIOUSNESS of the problem of 
protecting personnel engaged in med- 
ical radiology has been recognized for 
many years. A number of techniques 
have been devised to minimize the 
danger of exposure to scattered radia- 
tion, and to estimate the amount of 
such exposure when it cannot be 
avoided. A circumstance which ren- 
ders the problem of peculiar difficulty, 
however, is the fact that, like certain 
forms of metallic poisoning, the effects 
of exposure to X-rays are largely cumu- 
lative, and by the time any 
physiological manifestations are ap- 
parent it is often too late to avoid the 


gross 


consequences. 

The mass production of fissionable 
material poses a similar problem of 
personnel protection, but on a vastly 
larger scale. Even though many steps 
in the production process are made 
totally automatic, a certain degree of 
exposure to scattered radiation is 
inevitable. The problem therefore re- 
duces itself to the necessity for measur- 
ing in some manner the amount of 
radiation received by each worker, and 
limiting his working time to a daily 
interval in which he receives no more 
radiation than is considered medically 
safe. 

It is the consensus of informed 
medical opinion that the maximum 
amount of radiation to which an adult 
human can be subjected steadily, 
without showing ill effects, is 0.1 
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roentgen per day. The usefulness of 
the roentgen unit for measuring toler- 
ance dosage is a consequence of the 
fact that air in the presence of radiation 
ionizes at almost the same rate as does 
human tissue; the correlation between 
physiological effects and exposure in 
roentgens is excellent. 


Monitoring Methods 

Two basic methods are used to deter- 
mine the amount of radiation received 
by a worker during a given interval 
One method consists in monitoring his 
location, i.e., installing at or near the 
position he occupies when at work an 
instrument which measures the radia- 
tion at that point. The other method 
consists in providing the worker with a 
portable radiation measuring device 
which he can carry on his person at all 
times, and which measures only the 
radiation received by him. 

Each method has certain advantages 
depending upon the need to be served. 
The first method is more convenient 
and less time-consuming where large 
numbers of workers are involved, and 
where, from the conditions of the in- 
stallation, it is safe to assume that the 
radiation is scattered fairly uniformly 
throughout the location. It has the 
advantage that the equipment can be 
large enough to permit using clearly 
visible, direct-reading, and continuously 
indicating meters or other registering 
devices, thus permitting personnel to 
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be withdrawn to safety at any time 
that radiation rises abruptly to dan- 
is levels 


gero 


Despite the advantages of fixed 
equipment, however, the second method 
is the only practical one under many 
Where personnel may 


circulate among any of several areas, 


circumstances. 


each of which possesses its own radia- 
tion intensity, the amount of radiation 
received by each individual must be 
iccurately known or the total working 
time for all personnel must be curtailed 
to make certain that none receives more 
than the daily tolerance dose. By 
monitoring each worker individually, 
only those who have received more than 
the allowable daily maximum dosage 
need be withdrawn to inactive areas, 
nd, furthermore, the interval during 
vhich such personnel must avoid ex- 
posure is accurately determined 


Use of lonization Chamber 
lo secure a measure in roentgens of 
the radiation received, the means used 
to make the must be 
ased on the ionization of atmospheric 
ir. The defined as the 
imount of radiation which will yield 


measurement 
roentgen is 


one esu of charge from one cc of at- 


nospheric air when every ion produced 
1y the radiation is collected. The 
only method which will measure radia- 


} 


tion of all types in roentgens is one 
employing an ionization chamber, i.e., 
1 device which measures the charge 
produced in air under the influence of 
radiation 

The instrument shown in Fig. 1 
provides a compact and accurate means 
of measuring the total radiation re- 
ceived by an individual under any cir- 
cumstances, and over a period of time 
of as much as several days. It consists 
of two parts: an ionization chamber 
about the size of a fountain pen, which 
is clipped in a pocket of the individual 
to be monitored; and another portion 
containing a charging device for charg- 
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FIG. 1. Ionization chamber, charger, 
and electrometer 





ing the ionization chamber up to a 
predetermined voltage, and an elec- 
trometer for subsequently measuring 
the drop in this voltage caused by 
radiation. 

The pocket chamber, 
adjacent to the instrument in Fig. 1 is 
essentially a tubular capacitor in which 
air is the dielectric. The barrel is made 
of Tenite, molded to the aluminum end 
pieces. The inner wall of the barrel 
is coated with graphite, which makes 
contact with the end pieces. The end 
pieces and the graphite coating together 
constitute the outer electrode of the 


ionization 


capacitor. 

The volume of the air enclosed within 
the chamber together with the capaci- 
tance of the chamber as a condenser 
governs the sensitivity of the chamber 
to radiation and, therefore, calibration 
of the complete instrument. However, 
if the calibration is to be in roentgens, 
the effect of the material in the walls and 
the central electrode on the ionization 
in the air volume must be independent 
of the wavelength of the radiation 
measured. This means that the atomic 
numbers of the materials used must be 
so balanced that under radiation they 
are equivalent to the atomic number 
of the materials composing the air. 

The inner electrode consists of a 
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graphite-coated aluminum wire, in- 
sulated from the outer electrode by 
means of a polystyrene bead at the 
closed end and a polystyrene disk at 
the open end. These insulators are 
molded directly onto the center elec- 
trode, and are fabricated from poly- 
styrene which is specially polymerized 
to obtain high resistance. The dies 
which mold the insulators are highly 
polished, and impart an _ opiically 
smooth finish to the insulator surfaces. 

The cap which closes the ionization 
chamber, except when it is being 
charged or read, contains a replaceable 
gelatine capsule of silica gel. The 
capsule is permeable to water vapor, 
and the humidity in the chamber is 
maintained at an extremely low level 
until the silica gel is saturated; when 
this occurs the capsule is discarded and 
replaced. The cap is held in place in 
the barrel by means of an elastic poly- 
ethylene band, which grips the inner 
surface of the end piece when the cap 
is inserted. A groove is milled around 
the outside of the cap to enable it to 
be held in a slot when many chambers 
are to be read or charged in rapid 
succession. 


Electrometer Operation 

In use, the chamber capacitance is 
charged to 150 volts by means of an 
electronic power supply, shown sche- 
matically in Fig. 2, which is contained 
in the other portion of the instrument. 
The indicating portion of the instru- 
ment consists of a string electrometer. 
The “string’”’ is a very fine platinum 
wire which is observed against an illu- 
minated scale by means of a magnifying 
eyepiece. The scale is calibrated di- 
rectly in milliroentgens, and the elec- 
trometer reads zero when the chamber 
is fully charged. Full-scale deflection, 
corresponding to a drop from 150 volts 
to 110 volts, is equivalent to a total 
radiation of 0.2 roentgens. 

The leakage which takes place across 








$0 VOLTS 








| 
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FIG. 2. Diagram of charging system 








the polystyrene supports results in a 
discharge corresponding to about 0.01 
roentgens in 24 hours. It is interesting 
to note what this leakage rate means 
in terms of insulation resistance. The 
electrical capacitance of the chamber is 
about 4 micromicrofarads, and the 
leakage corresponds to about a 2-volt 
change in voltage across this capaci- 
tance. Total loss in charge is given by: 
Q=CE 

or 4 X 107 X 2 = 8 X 107! cou- 
lombs. This charge is lost in 24 hours, 
and the rate of discharge is therefore 
8 X 107!*/24 x 3600 = 9.2 x 107" 
amperes, or about 18 electrons per 
second. Since this current flows under 
a potential difference of 150 volts, the 
resistance is given by 150/9.2 « 107" 
or 1.6 & 10'* ohms. 

This value approaches very closely 
the actual volume resistance of the 
polystyrene insulators, and indicates 
that leakage across the insulator sur- 
faces, normally the most troublesome 
leakage component, is here practically 
nonexistent. Numerous experiments 
make it seem probable that the elimina- 
tion of surface leakage can only be 
achieved when the insulator surfaces 
are optically smooth; even a micro- 
scopic roughness will seriously impair 
the insulation. 

Pocket ionization chambers of the 
type described were used in radio- 
logical clinics before the war, were used 
extensively for personnel protection at 
industrial X-ray installations during the 
war, and were used by the thousands at 
the various research and development 
sites of atomic production. 
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U.S. AEC ANNOUNCES AVAILABILITY OF OVER ONE HUNDRED 
ELECTROMAGNETICALLY CONCENTRATED STABLE ISOTOPES 


The United States Atomic Energy 
Commission has announced the avail- 
ability of over 100 stable 
listed on next page) of 29 elements for 
distribution to research laboratories in 
the United States. 

The stable isotopes are produced in 
the Oak Ridge electromagnetic isotope 
separation plant, operated for the AEC 
by the Carbide and Carbon Chemicals 
Corporation, which also operates the 
gaseous diffusion U-235 process plant 
it Oak Ridge. 

Alteration in the electromagnetic 
process plant equipment at Oak Ridge 
makes it possible to separate isotopes 
of elements other than uranium. The 
quantities concentrated are large com- 


isotopes 


pared with those obtained with labora- 
tory spectrographs. However, 
the quantities available have resulted 
from research and development, not 
production operations, and hence are 
not great. The amount of a given 
isotope which may be available will lie 


mass 


within the range of 1 milligram to 
1 gram, depending on the natural 
abundance of the isotope. Quantities 


available are not listed since these will 
vary with withdrawals from the stock. 
tequests should state the minimum and 
maximum quantity desired in terms of 
element weight so that ability to meet 
the requests can be gauged. 

Stable isotopes of two groups of ele- 
ments which are not being concentrated 
electromagnetically for distribution are: 

1) Elements which are normally 
and (2) elements which are 
heavier than lead. The isotopes H? 
deuterium), B'°, C'3, N15, and O'8 are 
more readily concentrated by means 
other than the electromagnetic process. 
H?, B'*, O'8 are now obtainable from 
the Isotopes Division, Atomic Energy 
Commission, Oak Ridge, Tenn.; ©" 
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gaseous 


from the Houdry Process Corporation, 
Marcus Hook, Pa., and Eastman Kodak 
Company, Rochester, N. Y.; and N'™ 
from Eastman Kodak, Rochester. 

Under the new distribution program 
the stable isotopes will be furnished the 
laboratories only on a loan basis since 
the supply is limited and the production 
cost rather high. 

A “pool” of stable isotopes will be 
established and maintained from which 
an individual may withdraw amounts 
The Oak Ridge 

produce _ stable 
Furthermore, con- 


for his research. 


laboratories cannot 
isotopes to order. 

siderable time may elapse in some cases 
before further quantities of the isotopes 
will be concentrated beyond that al- 
ready on hand. 
search investigations which do not use 


For this reason, re- 


up or adulterate the material will be 
given the highest priority of allocation. 
A statement will be required to account 
for all returned, or re- 
turned in adulterated form. 


material not 


To obtain a stable isotope loan, a 
laboratory must send in a request to the 
Isotopes Division, Atomic Energy Com- 
Oak Ridge, Tenn., for an 
allocation. Upon approval for an allo- 
cation of the desired isotope the 
requestor must forward his purchase 
order of $50 per each enriched sample 
to the Carbide and Carbon Chemicals 
Corporation, Isotopes Office, Oak Ridge, 
Material will be shipped pre- 
When an indi- 
vidual has completed his research or 
within the date specified in the alloca- 
tion, the unadulterated isotopic ma- 
terial, whether in the original com- 
pound form or in another, must be 
returned to the supplier, the Carbide 
and Carbon Chemicals Corporation, 
Isotopes Office, Oak Ridge, with return 
shipping prepaid by the requestor. 


mission, 


Tenn. 
paid by the supplier. 
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Isotope 


Li 6 
Li 7 
Bll 
C12 
Mg 24 
Mg 25 
Mg 26 
Si 28 
Si 29 
Si 30 
Cl 35 
K 39 
K 40 
K 41 
Ca 40 
Ca 42 
Ca 43 
Ca 44 
Ca 46 
Ca 48 
Ti 46 
Ti 47 
Ti 48 
Ti 49 
Ti 50 
Cr 52 
Fe 54 
Fe 56 
Fe 57 
Fe 58 
Ni 58 
Ni 60 
Ni 61 
Ni 62 
Ni 64 
Cu 63 
Cu 65 
Zn 64 
Zn 66 
Zn 67 
Zn 68 





Stable Isotopes Available (Concentrated Electromagnetically) 





Natural 
Cone. in 
Total 
Element 


(%) 


~ 
é 


92 


Ja. 


70. 
29. 
50. 
27. 

3. 
17. 


Processed 
Cone. in 
Total 
Element 


(% 


) 





93.91 
99.91 


* 


* 


. 


a 


99.40 


68 
63 
79 
99 

0 
88 
99 


97 


60 
90 
50 
93 
16 
36 


97 


99.35 


93. 
83. 
.40 
.00 


78 


56 


93.¢ 


Product 
Form 





Li2SO« 


Li2S8O4 
Ca(BC Ye)a 
C 
MgO 
MgO 
MgO 
SiOe 
SiOz 
SiO2 
AgCl 
KCl 
KCl 
KCI 
CaO 
CaO 
CaO 
CaO 
CaO 
CaO 
TiOz 
TiO: 
TiC de 
TiO: 
TiO:z 
Cr2O3 
Fe203 
Fe:03 
Feel 3 
Fe2Os3 
NiO 
NiO 
NiO 
NiO 
NiO 
CuO 
CuO 
ZnO 
ZnO 
ZnO 
ZnO 


Isotope 


Zn 70 
Ge 70 
Ge 72 
Ge 73 
Ge 74 
Ge 76 
Se 74 
Se 76 
Se 77 
Se 78 
Se 80 
Se 82 
Br 81 
Sr 84 
Sr 86 
Sr 88 
Zr 90 
Zr 92 
Zr 94 
Mo 92 
Mo 94 
Mo 95 
Mo 96 
Mo 97 
Mo 98 
Mo 100 
Ag 107 
Ag 109 
Cd 106 
Cd 108 
Cd 110 
Cd 111 
Cd 112 
Cd 113 
Cd 114 
Cd 116 
In 113 
In 115 
Sn 112 
Sn 114 
Sn 115 
Sn 116 


* Not yet determined. Estimate furnished on request. 


Cone. in 





Total Total 
Element Element 
(%) (%) 
0.5 32.90 
21.2 ? 
27.3 ° 
7.9 . 
37.1 ° 
6.5 ° 
0.9 6.50 
9.5 43.50 
8.3 50.10 
24.0 79.30 
48.0 ° 
9.3 49.60 
49.4 91.41 
0.56 . 
9.86 ° 
82.56 * 
48.0 " 
22.0 a 
17.0 ° 
14.9 92.07 
9.4 74.68 
16.1 80.75 
16.6 88.20 
9.65 77.97 
24.1 95.0 
9.25 90.20 
51.9 90.26 
48.1 95.88 
1.4 19.94 
1.0 14.20 
12.8 55.80 
13.0 53.30 
24.2 79.30 
12.3 25.50 
28.0 79.52 
7.3 24.01 
4.5 ” 
95.5 99.56 
ee | . 
0.8 . 
0.4 ° 
15.5 76.30 


Natural Processed 
Cone. in 


Product 
Form 


ZnO 
GeO: 
GeO: 
GeO: 
GeO: 
GeO: 
Se 

Se 

Se 


CdO 
CdO 
CdO 
CdO 
CdO 
In2O3 
In203 
SnO2 
Sn0r 
SnO2 
SnO2 
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Stable Isotopes Available (Concentrated Electromagnetically) (Cont.) 











Natural Processed Natural Processed 
Cone. in Cone. in Conc. in Cone. in 
Total Total Total Total 

Element Element Product Element Element Product 
Isotope (%) (%) Form Isotope (%) (%) Form 
Sn 117 9.1 69.80 SnOe Te 128 32.8 93.50 Te 
Sn 118 22.5 69.30 SnO: Te 130 33.1 93.00 Te 
Sn 119 9.8 ad SnO2 W 180 0.2 * WO; 
Sn 120 28.5 ° SnO:2 W 182 22 6 * WO; 
Sn 122 5.5 45.80 SnOsz W 183 17.3 * Wo; 
Sn 124 6.8 52.00 SnOz W 184 30.1 * WO; 
Sb 121 56.00 99.40 Sb W 186 29.8 ° Wo; 
Sb 123 44.00 96.70 Sb Tl 203 29.1 75.60 TOs 
Te 120 1.00 * Te T1205 70.9 89.50 TOs 
Te 122 2.9 ‘i Te Pb 204 1.5 16.69 PbCrO, 
Te 123 1.6 « Te Pb 206 =. 23.6 75.67 PbCrO. 
Te 124 4.5 . Te Pb 207 = 22.6 61.55 PbCrO. 
Te 125 6.0 81.10 Te Pb 208 52.3 92.10 PbCrO. 
Te 126 19.0 93.20 Te 


* Not yet determined. 


Estimate furnished on request. 





NUCLEOMETER 

Radiation Counter Laboratories, 1844 
W. 21 St., Chicago 8, Ill. This instru- 
ment (mark 9, model 1) is a “packaged 
” designed to perform flow 
beta counting and to count alpha, 
gamma and beta radiation. The scale 
reads directly in counts per min with 
a selector switch permitting one of five 
scales to be chosen. A connection has 
been provided for a recording milliam- 


assembly, 
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meter that permits continuous monitor- 
ing with a claimed accuracy 2% or less 
greater than the meter. A connection 
is also provided for a standard scaling 
circuit and instrument contains 
an automatic standardizing element. 


G-M COUNTER 


Instrument Development Laboratories, 
223 W. Erie St., Chicago 10, Ill. An 
all-glass, self-quenching G-M counter 
with a window thickness of 25 mg/cm? 
has been developed. The overall di- 


mensions of the counter are 8 X 34 in., 


each 





83 





with an active length of 3 in. The 
cathode may be specified as copper or 
silver; the central wire is made of 0.004 
in. polished tungsten. A glass skirt 
at each end of the central wire is 
claimed to insure a long flat plateau 
of approximately 250 volts, at a slope 
of 2% per 100 volts. Threshold volt- 
age for the tube is 850-950 volts, and 
expected life is 10* counts. 


G-M PULSE GENERATOR 
El-Tronics, Inc., Philadelphia, Pa. 


A low-frequency pulse generator (model 
GP 62) has been developed for testing 
and calibrating Geiger-Miiller counter 


apparatus. This a-c operated unit was 








designed to give a frequency range of 
3-960 cps, a pulse height of approxi- 
mately 6-10 volts peak, a pulse width 
of ~10-15 milliseconds, and syn- 
chronization with the line at 3.3, 15, 
30, 60, 120, 240, 480, and 960 eps. 


SAMPLE CHANGER 
AND PREAMPLIFIER 


Tracerlab, Inc., 55 Oliver St., Boston, 
Mass. A lead-shielded, manual sam- 
ple changer and preamplifier has been 
designed to permit faster, more accurate 
counting of a large number of radioac- 
tive samples. It consists of a 2 in. lead 
shield (of outside dimensions 115¢ in. 
high X 6}4 in. diameter) which lowers 
the background count by a factor of three 
to five. The upper section of the shield 
holds a preamplifier circuit and a G-M 


84 





tube. A stainless steel sample holder 
is mounted in a slide in the lower por- 
tion of the lead shield. The sample 
holder is designed to take standard 1 in. 
diameter samples on planchets, filter 
paper, and in ashing dishes, as well as 
standard radioactivity reference sources 


DECADE SCALER 


Potter Instrument Co., 136-56 Roose- 
velt Ave., Flushing, N. Y. The model 
2092 decade scaler includes a decimal 
scale registration (obtained with three 
plug-in type counter decades), an input 
sensitivity of 0.25 volts, three scale- 
of-10 counter decades (10, 100 and 





1,000), a four-digit mechanical register, 
control for a clock timer and an adjust- 
able, high-voltage regulated power 
supply (600-1500 volts) for the opera- 
tion of G-M tubes. The unit is de- 
signed to resolve pulses which are 5 
microseconds apart and to count con- 
tinuously at rates up to 130,000 cps. 
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CHEMICAL PUBLICATIONS 

A new design of the Mattauch-Herzog 
mass-spectrometer with double focus, 
the masses of C'’ and N", H. Ewald, Z. 
Vaturforsch. 1, 131-136 (1946). De- 
sign details of a precision mass-spec- 
trometer are given. Using this new 
nstrument the mass of C'® was found 
» be 13.007581 + 0.000025 and that 
f N'&®, 15.004934 + 0.000030. 


The theory of a mass-spectrometer with 
double focus independent of mass, A. 
Klemm, Z. Naturforsch. 1, 137 (1946). 
Relationships are derived and then 
plotted to indicate the different experi- 
mental conditions that are possible. 


Neutron capture of uranium in different 
energy ranges, K. Sauerwein (Kaiser 
Wilhelm Inst. Physik, Hechingen), Z. 
Vaturforsch. 2a, 73-79 (1947). Neu- 
trons of several hundred ev appear to 
be captured by U***. An absorption 
bandwidth of several ev was observed. 


Investigation of cosmic ray showers 
with a large Wilson chamber, M. 
Deutschmann, Z. Naturforsch. 2a, 61 
69 (1947). A 100-litre Wilson cloud 
chamber was used to photograph 200 
cosmic ray showers. 


The ultra-light particles accompanying 
emission, J. Thibaud, Compt. rend., 
224, 914-915 (1947). The properties of 
charged particles, called 
Elec- 
trinos have a penetrating power greater 
than 8-rays but smaller than y-rays. 


ultra-light, 
electrinos, are further described. 


The proper mass of mesons, A. Gido, 
rend. 224, 1275-1277 (1947). 
\ formula is developed for the ratio of 
the masses of meson and electron using 
the meson mass as one-eighth to one- 
tenth that of a nucleon. Mesons 
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stabilize nuclei by supplying the binding 
energy. The expanding universe in- 
fluences the formation of mesons by the 
fusion of electrons, by defining the 
electrostatic and gravitational potential 
equilibria. 


Researches on a stable isotope of atomic 
number 84, H. Hulubei, Y. Cauchois, 
Compt. rend. 224, 1265-1266 (1947). A 
stable isotope of Atomic No. 84 was 
detected in the telluride mineral petzite 
by its L series X-ray emission spectrum, 
and its concentration was found to be 
between 10~° and 10 


The penetrating radiation of radium, 
E. M. Lecoin, Compt. rend. 224, 912 
913 (1947). The difference in the 
energy of the 8-ray disintegration of Rak 
as determined calorimetrically and by 
the Wilson cloud chamber was proved 
to be due not to the emission of any 
penetrating radiation, but to the emis- 
sion of 1.1 8-rays for each disintegration 


of RaE. 


The radioactivity of rocks as shown by 
the trajectory of a-rays in photographic 
emulsion, I. Joliot-Curie (Inst. Radium, 
Paris), J. phys. radium 7, 313-319 
(1946). The U and Th content of rocks 
may be estimated from a study of the 
trajectories of a-rays in photographic 
emulsions. The method’s advantages 
and disadvantages are discussed. 


The calculation of energy levels by the 
method of Wentzel-Kramers-Brillouin, 
and its application to liquid hydrogen, 
I. Prigogine, G. Garikian (Univ. 
Bruxelles), J. phys. radium 7, 330-332 
(1946). A mathematical treatment of 
the problem. 


Studies on metals with neutron rays, M. 
Kimura, R. Hashiguchi, Oyo Butsuri 12, 
466-470 (1943). By photographing the 
scattering of thermal neutrons by a 
metal target, the crystalline particle 
size of pure aluminum, pure copper and 
completely annealed Armco iron was 
found to be about 6 XK 107° em. 





Present state of the periodic law and 
the new elements, V. K. Semenchenko, 
V. V. Korobov, Uspekhi Khim. 15, 657- 
684 (1946). A critical review, with 39 
references, of recent developments in 
nuclear structure, including a discus- 
sion of Np and Pu. 


Engineering and economics of atomic 
power, J. H. Lum (Monsanto Chemical 
Co., Oak Ridge, Tenn.), Chem. Eng. 64, 
122-125 (1947). The engineering of 
atomic power plants involves studies of 
the heat transfer, corrosion resistance, 
melting point, thermal expansion and 
neutron cross-section of construction 
materials. Tables of properties of 
possible materials of construction are 
given. The economic factors to be 
considered are the available supply of 
fissionable materials, and the operating 
costs. According to the Baruch report, 
an atomic plant with a total investment 
of $25,000,000 could produce power at 
0.80 cents per kw-hr. This is compared 
with a coal plant costing $10,000,000 
and having an operating cost of 0.65 
cents per kw-hr (with coal at $7 a ton). 
The cost of fuel for the atomic plant is 
an uncertain factor, as it depends upon 
the nature of the reaction. 


Stable isotopes, their measurement and 
application, J. Mattauch, Angew. Chem. 
A569, 37-42 (1947). A review with over 
300 references. 


Concentration of N'® by means of the 
chemical exchange method, E. W. 
Becker, H. Biumgartel (Univ. Miinchen, 
Germany), Angew. Chem. A569, 88-89 
(1947). A60% aqueous NH,NO; solu- 
tion, having a 0.38% N'* content, comes 
into countercurrent contact with NH; 
gas produced by the action of NaOH on 
the NH,NO;. Anenrichment to 16.1% 
N'5 was achieved in eight weeks. The 
enrichment was measured by density 
measurements with a gas balance. 


Fragments from uranium fission, W. 
Seelmann-Eggebert, F. Strassmann 


(Kaiser Wilhelm Inst. Chemie, Tailfin- 
gen), Z. Naturforsch. 2a, 80-86 (1947). 
A tabulation of uranium fission products. 


Isotope separation in ascending hydro- 
gen-deuterium flames, K. Clusius, G. 
Faber (Univ. Miinchen, Germany), Z. 
Naturforsch. 2a, 97-99 (1947). At a 
primary hydrogen content of 9%, a 
value for the separation factor, F,, in 
the unburned gas was found to be 2.2. 


8-disintegration, R. Daudel, P. Benoist, 
R. Jacques, M. Jean, Compt. rend. 
224, 1427-1429 (1947). A theoretical 
discussion of the subject. 


Nuclear pairs from fluorine bombarded 
by protons, S. Kojima, Proc. Imp. Acad. 
(Tokyo) 19, 282-285 (1943). High- 
velocity protons were used to bombard 
a thin TaF; target, and the emitted 
positrons were detected with two thin- 
walled Geiger-Miiller counters wired 
with a coincidence circuit. The ratio 
between the yields of y-ray and nuclear 
pair reactions together with the energy 
distribution data proves that the pairs 
do not originate from the internal con- 
version of 7-rays. 


Physical chemical differences of iso- 
topes, K. Schifer (Univ. Heidelberg), 
Angew. Chem. A69, 42-48 (1947). The 
static differences under equilibrium 
conditions, and the dynamic differences 
as evidenced by velocity rates in 
solutions and on solid surfaces are 
considered. 


K-capture in naturally radioactive 
lutecium, A. Flammersfeld (Kaiser 
Wilhelm Inst. Chemie, Tailfingen), Z. 
Naturforsch. 2a, 86-89 (1947). The 
radiation of Lu'’® was studied by 
absorption methods. A K-radiation, 
equal in intensity to the known 7-radia- 
tion, was found, and both radiations 
were traced to K-capture. Half-life of 
Lu!’® is revised to 2.4 X 10!° years. 


Mechanism of the tripartition of ura- 
nium, S. Tsien, Compt. rend. 224, 
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1947 The fission reaction 

interpreted as a 
ind Bohr’s liquid drop model for the 
The nucleus may be 
under certain 
as three colinear droplets 


1058 


1056 
one-step process, 
iucleus is used. 
onsidered, vibration 
onditions, 
ith the smaller mass separating the 
two larger masses. For a large vibra- 
tion, the smaller mass would be emitted 
n a direction almost perpendicular to 


the larger masses. 


Isomers of stable nuclei in rhodium and 


silver, A. Flammersfeld (Kaiser Wil- 
helm Inst. Chemie, Tailfingen), Z. 


Vaturforsch. 1, 3-10 (1946). Nuclear 
excitation processes in nuclei of medium 
veight were investigated with 3-Mevy 
neutrons. An excited isomer of Rh 
having a half-life of 48 min and emit- 
ting soft y-radiation was found. The 
process which takes place is Rh!°(n,n)- 
Rh*!%, This indicates that the spin of 
Rh! is 7 = % (Mattauch second law 

A 40-sec ex- 
109 was found, 


of nuclear isomerism). 
ited Ag isotope, Ag*107 


formed by a similar (n,n) reaction. 


The quantitative measurement of tri- 
tium : hydrogen-alcohol-argon mixtures, 
M. L. Eidinoff (Queens College, Flush- 
ing, N.Y.), J. Am. Chem. Soc. 69, 2504 
2507 (1947). Geiger-Miiller tubes filled 
with a hydrogen plus HT-ethy] aleohol- 
helium mixture were used in conjunc- 
tion with a Neher-Pickering quenching 
preamplifier to measure 
the tritium quantitatively. 
The apparatus and procedures are de- 
scribed in detail. The counting rate 
was found to be proportional to the 
partial pressure of the active hydrogen 
sample over the range of pressures 
studied. Tests of counting rate re- 
producibility showed average deviations 
of less than 1%. 


circuit and 


content 


The cathodic protium-tritium separa- 
tion factor. I. Apparatus; platinum 
cathode-alkaline solution, M. L. Ei- 
dinoff (Queens College Flushing, N.Y.), 
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J. Am. Chem. Soc, 69, 2507-2509 (1947) 
The cathodic protium-tritium isotope 
separation factor was obtained by the 
of a 10% sodium 
a smooth plati- 


electrolysis at 20.0 
hydroxide solution at 
num foil cathode using a current density 
Separation factors 
These 


more than twice as 


of 0.1 amp/sq em 
of 13., and 14 
ratios are slightly 


were obtained 


large as the ratio corresponding to 
thermodynamic equilibrium prevailing 
at the The ap- 
paratus and procedures are described in 
detail. 


electrode surface 


A rapid method of preparing NaC’'‘N 


from BaC''O;, A. W. Adamson (Univ. 
of Southern Calif., Los Angeles), J. Am 
Chem. Soc. 69, 2564 (1947 Prelimi- 


nary results indicate that yields of 
75-80 % of NaC''N can be obtained by 
heating NaN BaC*O 
gen atmosphere. After heating, water 
is added to react the sodium, the solu- 
tion is diluted and acidified with sulfuric 


and in a nitro- 


acid, and the hydrogen cyanide is 
distilled 


sodium hydroxide solution 


over into a slight excess of 


Thermal decomposition of ammonium 
nitrate, J. T. Kummer (Mellon Inst., 
Pittsburgh, Pa.), J. Am. Chem. Soc. 69, 
2559 (1947). NH,NO;, in which the 
NH, group contained 62 atom% N! 
and 38 atom % N' and the NO; group 
contained 0.38% N", 
at 290°. The N.O which was formed 


was decomposed 


was converted to nitrogen and iron 
oxide. The nitrogen was then analyzed 
by a mass spectroscope and found to 


contain 0.35% N'N'. This shows 
that the decomposition of the NH,NO; 
to give N.O proceeds practically entirely 
through bond formation between the 
two different groups present, and not 
by the interaction of similar groups. 


Chemistry of energetic atoms produced 
by nuclear reactions, W. F. Libby (Inst. 
for Nuclear Studies, Chicago), J. Am. 
Chem. Soc. 69, 2523-2534 (1947). The 
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recoil or excitation energies of atoms 
whose nuclei undergo various nuclear 


reactions are discussed. Typical recoil 
energy distributions for slow neutron 
capture and beta radioactivity are 
shown graphically. The chemical kinet- 
ics of fast recoil atoms is treated on the 
assumption that the cooling mechanism 
consists of non-ionizing ‘‘billiard ball” 
collisions. When the energy of the 
recoiling atom is much larger than that 
of the chemical bonds in the molecules 
struck, the collision will be similar to 
those which would occur with a loose 
assembly of atoms with no bonds. 
When the energy of the recoil atom has 
decreased to the point where it ap- 
proaches the energies of the bonds in 
the molecule, collisions with the mole- 
cule as a whole or component radicals 
in it will become prevalent. Nuclear 
processes involving (1) no change in 
atomic number, and (2) a change in 
atomic number are considered. In the 
first class, the observed phenomena in 
the case of organic halides under slow 
neutron exposure is discussed in detail 
and a mechanism is proposed. In the 
second class, ionic crystals are dis- 
cussed, and a method for concentrat- 
ing radioactivity by vacuum baking is 
proposed. An appendix 
derivations of the formulas used. 

. I. W. RUDERMAN 


gives the 





LIFE SCIENCE PUBLICATIONS 


Exchange of carbon dioxide between 
barium carbonate and the atmosphere, 
W. Armstrong, J. Schubert (Depart- 
ment of Physiological Chemistry and 
Laboratory of Dental Research, Uni- 
versity of Minnesota) Science 106, 
403-404 (1947). Radioactive barium 
carbonate was observed to lose some of 
its activity on standing in covered petri 
dishes in contact with air. This was 
believed to be due to the absorption of 


carbon dioxide and water from the air 
to form carbonic acid which would re- 
act with the radioactive barium car- 
bonate to give normal barium carbonate 
and radioactive carbonic acid which 
breaks down to radioactive carbon di- 
oxide and water. Three experiments 
were carried out to confirm this hy- 
Three samples of known 
barium carbonate were 
placed in vacuum desiceators, one con- 
taining water vapor and carbon dioxide, 
another phosphorus pentoxide and car- 
bon dioxide and the last water vapor and 
nitrogen. After two to three days it 
was found that only in the desiccator 
containing both water and carbon di- 
oxide did the activity of the barium 
carbonate decrease. Barium carbonate 
containing C!* was also observed to 
undergo exchange with the atmosphere. 
These observations indicate the neces- 


pothesis. 
activity of 


sity for storing isotopic carbonates so 
that carbon dioxide or water or both are 
excluded. 


The use of isotopes to determine the 
rate of a biochemical reaction, H. 
Branson (Department of Physics, How- 
ard University, Washington, D. C.) 
Science 106, 404 (1947). A brief mathe- 
matical treatment on how to establish 
that one substance is the precursor of 
another. 


Relative growth rates of bean and oat 
plants containing known amounts of a 
labeled plant-growth regulator (2- 
iodo'*!-3-nitrobenzoic acid, J. Mitchell, 
J. Wood, W. Wolfe, G. Irving (Bureau 
of Agricultural and Industrial Chem- 
istry, Beltsville, Md.), Science 106, 395- 
397 (1947). Experiments were carried 
out to determine whether the difference 
in sensitivity of bean and oat plants 
to 2-iodo-3-nitrobenzoic acid (INBA), a 
plant growth regulator, could be 
ascribed to a quantitative difference in 
their ability to absorb and translocate 
the compound. The 2-iodo!*!-3-nitro- 
benzoic acid was prepared by diazotiz- 
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ing 3-nitroanthranilic acid and treating 
the reaction product with radio-iodine- 
131 Bean, oat and corn plants were 
treated with varying amounts of INBA. 
Eight days later the plants were divided 
into portions and analyzed. The con- 
entration of INBA in the most rapidly 
developing parts of the bean and oat 
seedlings increased as the amount of 
ipplied INBA increased. In the bean 
plant, the accumulation of the com- 
pound resulted in inhibition of growth. 
Che inhibition was roughly propor- 
tional, up to a point, to the amount of 
INBA applied. In the case of the oat 
plant, no inhibition was observed with 
This was also 
true of the corn plants. The oat and 
corn plants absorbed and accumulated 
much less of the applied INBA than 
did the bean plants. 

From the results it is concluded that 
the difference in sensitivity to INBA 
by the plants is not due to differences in 
the ability to absorb and translocate the 
compound nor to differences in the ex- 
which INBA 
the rapidly growing parts of the plants. 
It is considered possible that INBA 
combines stoichiometrically and _irre- 
versibly with certain essential metab- 
olites of the plant tissues to exert its 
growth-inhibiting effects. 


the concentrations used. 


tent to accumulates in 


A study on transmethylation with 
methionine containing various amounts 
of deuterium in the methyl group, 8. 
Simmonds, M. Cohn, V. du Vigneaud 
Department of Biochemistry, Cornell 
University Medical College, N. Y.) 
J. Biol. Chem. 170, 631-633 (1947). 
The effect of deuterium concentration 
in the methyl group of methionone in 
the formation of choline and creatine 
was studied. Deuterium concentra- 
tions of 10-80% in the methyl] group of 
methionine were found to have no effect 
on the percentage of methyl groups of 
creatine derived from 


choline and 


methionine. 


NUCLEONICS - January. 1948 


Rejuvenation of muscle adenylic acid 
nitrogen in vivo studied with isotopic 
nitrogen, H. Kalckar, D. Rittenberg, 
(Department of Biochemistry, College 
of Physicians and Surgeons, Columbia 
University, N. Y.) J. Biol. Chem. 170, 
455-459 (1947). Ammonium citrate 
containing N'® was administered by 
stomach tube to rats which were sacri- 
ficed 7 to 8 hours later. Adenylice acid 
was isolated from skeletal muscle and 
the 6-amino nitrogen was split off by 
adenylic acid The ring 
nitrogen and the 6-amino nitrogen were 
analyzed separately and the adenylic 


deaminase. 


acid nitrogen was also analyzed as a 
check. Analysis revealed that nearly 
all the 
adenylic acid was found in the 6-amino 
group with very little nitrogen in the 
From these results it is concluded 


isotopic nitrogen of muscle 


ring. 
that the adenylic acid in skeletal muscle 
very rapid deamination- 
The muscle used in this 


undergoes 
reamination. 
investigation was in a state of fairly 
high activity and it is suggested that 
the rate of rejuvenation of the 6-amino 
nitrogen in resting and contracting 
muscle might differ. 

Amide nitrogen and the nitrogen of 
glutamic acid of muscle proteins were 
It was found that the 
N* concentration of the amide 
somewhat higher than the 6-amino 
nitrogen of the adenylic acid, while 
that of glutamic acid was much lower. 
From this it is believed unlikely that 
glutamic directly reaminates inosinic 
acid. The high N*"® content of the 
amide nitrogen makes it a possible 
source of nitrogen for the reamination. 


also analyzed. 
was 


The biological synthesis of radioactive 
adrenalin from phenylalanine, S. Gurin, 
A. Delluva (Department of Physio- 
logical Chemistry, School of Medicine, 
University of Pennsylvania, Philadel- 
phia) J. Biol. Chem. 170, 545-550 
(1947). Phenylalanine was labeled with 
tritium by heating it with sulfuric acid 
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made from sulfur trioxide and HTO. 
Doubly labeled glycine was prepared 
from doubly labeled acetaldehyde. 
The labeled glycine was converted to 
hippuric acid which was condensed with 
benzaldehyde, yielding the benzylidine 
azlactone. The azlactone was then 
converted, using P and HI, to phenyla- 
lanine containing C'* in the carboxy] 
and #-carbon. The tritium and C'!*- 
labeled phenylalanines were fed sepa- 
rately to rats. The adrenal glands 
were removed and adrenalin was iso- 
lated with the aid of nonisotopic 
adrenalin carrier. 

The adrenalin isolated from the ani- 
mal fed C* phenylalanine contained 
isotope in the terminal carbon of the 
side chain. It was found that tritium- 
labeled phenylalanine is also converted 
to adrenalin. Regarding the biological 
conversion of phenylalanine, the experi- 
mental evidence leads the authors to 
suggest that the decarboxylation of 
phenylalanine or one of its derivatives is 
involved and the resulting amino ethyl 
side chain remains attached to the 
benzene ring during the formation of 
adrenalin. 


The metabolism of chiniofon using 
radioactive iodine, E. Albright, D. 
Tabern, E. Gordon (Department of 
Medicine, University of Wisconsin, and 
the Abbott Laboratories, North Chi- 
cago, Ill.) Am. J. Trop. Med. 27, 553- 
560 (1947). Chiniofon, an organic 
compound containing iodine used in 
the treatment of amebiasis, was tagged 
with radioactive iodine. A solution of 
iodide, I'*!, was treated with 8-hydroxy- 
quinolin sulfonic acid, followed by a 
solution of calcium hypochlorite while 
being boiled, resulting in the formation 
of the desired compound. The com- 
pound was administered orally with the 
dose not exceeding 0.5 millicuries per 
patient. Samples of blood were taken 
at intervals for analysis. Feces and 
urine were collected and also analyzed 
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for activity. Analysis of blood sam- 
ples showed that the peak activity was 
reached in 2 hours and fell off smoothly 
during the next 6 hours. A high level 
of activity was found in the urine in the 
first 3 hours. This fell rapidly during 
the next 9 hours and then more grad- 
ually during the next 36 hours. The 
activity was due in all cases partly to 
free iodine isotope and partly to chinio- 
fon-bound radioactive iodine. It was 
found that the breakdown of chiniofon 
after the first 12 hours was about 18% 
and at the end of 48 hours about 73 %. 

Approximately 12% of the drug was 
absorbed. For the 48-hour observa- 
tion period, 59% (average) of the drug 
excreted in the urine was intact chinio- 
fon, with the balance being free iodide 
and organic residue. A small amount 
of the free iodide fraction was detected 
qualitatively in the thyroid gland in 
situ. Blood levels of clinical signifi- 
cance were not obtained with the doses 
used. Only about 70% of the admin- 
istered drug could be accounted for. 
This was believed to be due to tech- 
nical difficulties and no storage of the 
drug by the body. 


Tracer isotopes in industrial toxicology, 
J. Sterner (Laboratory of Industrial 
Medicine, Eastman Kodak Company, 
Rochester) Occupational Med. 3, 552- 
559 (1947). A brief discussion of the 
nature of isotopic tracers, availability, 
analytical methods required, costs and 
some suggested applications to indus- 
trial toxicology by analogy from other 
fields. The advantages and disadvan- 
tages of radioactive and stable isotopes 
and the possible complementary use of 
the two types are discussed. 


Carbon dioxide fixation in isocitric acid, 
S. Grisola, B. Vennesland (Department 
of Biochemistry, University of Chicago) 
J. Biol. Chem. 170, 461-466 (1947). 
The reversibility of the oxidative de- 
carboxylation of isocitric acid was 
studied. 


Isocitric acid was synthesized 
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ind incubated with a-ketoglutarate and 
pigeon liver extract in the presence of 
sanganous chloride, triphosphopyridine 
sodium bicarbonate 
ontaining C'™. Analysis of the 8-car- 
boxyl carbon of isocitric acid showed 
radioactive carbon had been incorpo- 
rated. In the two-hour incubation 
period the C' incorporation amounted 
o 70% of equilibration. However, 
luring this same period of time, no net 
reaction had taken place between the 


icleotide and 


components of the system that could 
be demonstrated by chemical analysis. 


Standardization of radioactive phos- 
phorus, T. Enns (Biochemical Research 
Foundation) J. Franklin Inst. 244, 
315-316 (1947). The activity of a ra- 
dioactive phosphorus sample as mea- 
sured by the ionization chamber and 
calculated from uranium-oxide stand- 
ard was found to differ from the value 
obtained using a Geiger counter. It 
was suggested that the discrepancy was 
due in part to backscattering from the 
sample mounting in the Geiger counter. 


» BERNARD KANNER 
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Theory of the synchro-cyclotron, D. 
Bohm, L. Foldy, Phys. Rev. 72, 649-661 
(1947). For a frequency-mocdulated 
cyclotron, only a small fraction of the 
ions released at rest in the center of the 
magnet can enter into stable orbits 
which never return to the origin, so 
that the are accelerated inter- 
mittently and the average beam current 
is reduced below that of an ordinary 
cyclotron of the same dee voltage and 
gas pressure. The capture efficiency « 
is defined as the ratio of the time during 
the frequency-modulation cycle during 
which particles released at the center 
go into stable orbits not returning 
to the center to the repetition time of 
the f-m cycle. The additional com- 
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ions 


plication of the synchro-cyclotron over 
the synchrotron is that, in the former, 
the ions are not injected into a stable 
orbit but start from rest at the center. 
Solution of the equations of motion 
shows that ¢ is determined for either 
fixed dee voltage or fixed rate of f-m by 
the equilibrium phase. If the equilib- 
rium phase is too great, « is limited by 
the narrow range of phase stability; if 
too small, by the return of ions to the 
center. The value of ¢ is found to be 
proportional to (e/M)’*; also, for a 
particular rotating condenser, to the 
square root of the dee voltage or of the 
rate of f-m. For different conditions 
of operation, the maximum efficiency 
corresponds to a ratio of average gain to 
maximum gain of energy per turn of 
0.34-0.5. Efficiencies vary from 0.1 
2%. Comparison of results with the 
California experiments is given. 


Scattering of protons by deuterons, 
R. Sherr, J. Blair, et al., Phys. Rev. 72, 
662-672 (1947). Ascattering chamber, 
into which the scattering gas is intro- 
duced, is described. A_ collimated 
proton beam was introduced, an electro- 
static generator being used. A _ pro- 
portional counter, which could be 
rotated to observe angular dependence 


of the scattering, was used as a 
detector. A current collector was 
used to determine beam current. Pre- 


vious measurements on proton-proton 
scattering were checked; anomalous 
results previously obtained at 825 kev 
were not verified. The results are 
given for energies of from 1.5-3.5 Mev 
at intervals of about 0.5 Mev. A 
minimum scattering at 90° is observed 
for low energies; it shifts to larger angles 
at higher energies. At all angles the 
cross sections decrease with increasing 
energy. 

A neutron detector having uniform 
sensitivity from 10 kev to 3 Mev, 
A. Hanson, J. McKibben, Phys. Rev. 
72, 673-677 (1947). A “long counter”’ 
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consisting of a long boron trifluoride 
proportional counter surrounded by a 
paraffin cylinder. Another arrange- 
ment contains an additional paraffin 
and boron shield to make it less sensi- 
tive to room-scattered neutrons. Sen- 
sitivity curves taken with 
neutron sources show a variation over 
the indicated range of less than 10% for 
the counter of most ideal dimensions. 


various 


The conservation of momentum in the 
disintegration of Li‘, R. Christy, F. 
Cohen, W. Fowler, C. Lauritsen, 
T. Lauritsen, Phys. Rev. 72, 698-711 
(1947). The beta disintegration of 
Li’ into an electron plus Be’, which 
subsequently breaks up into two 
alpha particles, has been investigated 
by its introduction into a cloud chamber 
by an automatic mechanism. The Li‘ 
is produced by deuteron bombardment 
of LiOH. The projection on the meas- 
uring plane of the angle between the 
two alphas is a measure of one com- 
ponent of the recoil of the Be® nucleus. 
Additional information is obtained from 
the electron momentum, obtained from 
its curvature in a magnetic field. The 
mean square of the observed momenta, 
corrected and weighted, relative to the 
maximum possible momenta, is 0.20. 
This value is approximately twice that 
calculated, considering only electrons 
as being ejected, but is approximately 
equal to that for an emitted electron 
and neutrino emitted with no preferred 
angle between them. 


On the mass and the disintegration 
products of the mesotron, C. D. Ander- 
son et al., Phys. Rev. 72, 724-727 (1947). 
A photograph has been obtained show- 
ing the disintegration of a positive 
mesotron. The magnetic field allows 
a measurement of their momenta. On 
the assumption of the simultaneous 
emission of a neutrino, a 100 electron 
mass mesotron is indicated. The ab- 
sorption of some momentum by a nu- 
clear recoil is discounted because the 
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mesotron was positive and of low energy 
The curvature and range of the meso- 
tron in this photograph are consistent 
with a mass of either 100 or 200 e.m 
If it is assumed that its massis 200e.m., 
the neutral particle not observed would 
have mass of 140 e.m. and kinetic en- 
ergy of 4 Mev. If the primary meson 
had mass of 300 electron masses, the 
secondary one would have mass of 245 
e.m. and kinetic energy of 2 Mev. 
High energy photo-disintegration of the 
deuteron, M. Rose, G. Goertzel, Phys 
Rev. 72, 749-757 (1947). An investiga- 
tion of the cross section of this process 
for gamma-ray energies from 50 to 
250 Mev. ‘The effect of retardation and 
of multipoles higher than electric and 
magnetic dipole is significant for ener- 
gies higher than 50 Mev. The cross 
section is found to be 37 X 10-*° cm? 
at 50 Mev and the decreases with an 
inverse power of the energy between the 
fourth and fifth to 150 Mev. 

Artificial radioactive isotopes of polo- 
nium, D. Templeton, J. Howland, 
I. Perlman, Phys. Rev. 72, 758-765 
(1947). Three radioactive isotopes of 
Po have been produced: Po?®* by Pb?°- 
(a,2n); Pb?"? by Pb?°*/a,3n); and Po*"s 
by Pb?°7(a,3n), Bi?°*(p,2n), and Bi?°- 
(d,3n). The half-lives are respectively 
9 days, 5.7 hours, and 3 years. All emit 
alphas of nearly the same energy; other 
emanations have also been detected for 
the first two but may be from daughter 
activities. 

Artificial radioactive isotopes of bis- 
muth and lead, D. Templeton, J. 
Howland, I. Perlman, Phys. Rev. 72, 
766-771 (1947). Three isotopes of 
bismuth and three of lead have been 
produced by deuteron and_ helium 
nucleus bombardment of various tar- 
gets (in cyclotrons) and neutron bom- 
bardment in piles. Positron, electron, 
and gamma-ray emission has been 
observed from various of the resulting 
isotopes. 
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The radioactive decay of slow positive 
and negative mesons, G. Valley, Phys. 
Rev. 72, 772-783 (1947). An experi- 
ment was set up to investigate the decay 

mesons in various substances. A 
loud chamber in a magnetic field was 
tivated only when the meson decayed 
(delayed 
oincidence circuits were used). The 
field did not discriminate by 


the specimen beneath it 


ignetic 
1using mesons of one sign to fall out- 
The 


rm those of Conversi et al.; in stainless 


de the specimen. results con- 
steel and brass, only positive mesons 
lecay; in carbon, water, and beryllium, 
both positive and negative decay, indi- 
iting that negative mesons are not 
iptured by these nuclei in considerable 
imbers 

spread in Geiger coun- 
with self-quenching gases, 
J. Craggs, A. Jaffe, Phys. Rev. 72, 784 
792 1947). The this 
experiment was to determine the com- 


Discharge 
ters, I. 


purpose of 
pnleteness of the absorption of photons 


roduced in the their 
A divided-cathode coun- 


counter and 
mportance 
ter was used, and showed that for small 
bsorption of photons their effect is 
Imost entirely at the cathode rather 


than in the gas. 

Resonance scattering of neutrons by 
cobalt, S. Harris, A. Langsdorf, F. 
Seidl, Phys. Rev. 72, 866-867 (1947). 
rhe Co neutron resonance near 115 ev 
s asserted to be mainly scattering. 
rhe transmission curve was determined 
by two methods, detection being by 
ictivity produced in a foil and by an 
innular BF; counter surrounding a 
Co seattering foil. Using the Breit- 
Wigner formula, the total peak scatter- 
ing cross section should be about 10,000 
barns. The data are consistent with 
such a value. 

Thin window counter with special 
mica-to-glass seal, (. S. Wu, C. L. 
Meaker, H. A. Glassford, Rev. Set. 
Instr. 18, 693-695 (1947). To measure 
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low-energy beta rays from such sources 
as C4, a Geiger counter has been con- 
structed with a mica window which 
is sealed to the flanged end of a lime- 
soda glass tube by using a specially 
prepared fine powder of lead-borosilicate 
glass, heated in a furnace to fuse. 
When filled with lead tetramethyl to 
15 mm, the counters show a plateau 
of from 100 to 300 volts without exter- 
nal quenching. 


A general purpose linear amplifier, W. 
Jordan, P. Bell, Rev. Sci. Instr. 18, 703 
705 (1947). An amplifier which can be 
used for experiments with proportional 
counters, electron collection in ioniza- 
tion chambers, and particle counting 
with secondary electron multipliers is 
circuit diagram, ete 


described, with 


Model 200 pulse counter, W. Higin- 
botham, J. Gallagher, M. Sands, 
Rev. Sci. Instr. 18, 706-715 (1947). <A 
pulse counter usable in many different 
applications in connection with nuclear 
measurements is described. It 
sists of an amplitude discriminator, an 
scale-of-64), and a 


con- 


electronic scaler 


register driver. 


Ionization currents from extended 
alpha-sources, M. Blau, J. Carlin, 
Rev. Sci. Instr. 18, 715-721 (1947). 
An investigation of the current ob- 


tained by placing an extended area 
source of alpha particles (polonium 
plated on nickel) in a parallel plate 
The current is given as a 
the electric field and the 
area of the Conditions for 
saturation current are obtained. The 
saturation field is given as a function of 
the area, and the percent of saturation 
as a function of area, polonium density, 
and field. 

Experiments on the design of synchro- 
tron magnets, W. Parkinson, G. Grover, 
H. Crane, Rev. Sci. Instr. 18, 734-738 
(1947). The main design considera- 
tions are economic, and criteria were 
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condenser. 
function of 
source. 





worked out which give the maximum 
ratio of peak energy in the magnetic 
field built up in the gap to the peak 
energy stored in the condensers, and 
the ratio of magnetic flux in the gap to 
that in the return path of the magnet. 
The length of the return path largely 
determines the weight of the magnet 
for a given size of pole face, and it in 
turn depends on the cross-sectional 
area of copper which must be enclosed. 
Models were used for the measure- 
ments. By shaping the gap between 
the pole faces, the form of the magnetic 
field can be adjusted so that the useful 
width is approximately 0.6 of the width 
of the pole face. 
An improved electron multiplier particle 
counter, J. S. Allen, Rev. Sci. Instr. 18, 
739-749 (1947). The design and con- 
struction of a 13-stage electron multi- 
plier, using BeCu alloy electrodes 
activated by r-f heat treating, is de- 
scribed. Its efficiency as an electron 
counter was measured by comparing its 
results with those given by direct 
measurement of the electron current 
from a thermionic source by means of 
a d-c amplifier. An electrostatic elec- 
tron spectrometer was used to deter- 
mine efficiency as a function of electron 
energy. This was 100% for 500 ev elec- 
trons and fell gradually to 40% for 
6000 ev. The effective resolving time 
for multiplier, amplifier, and discrimi- 
nator was 1.4 X 10-5 sec, little of 
which was due to the multiplier. 
Experiments with alpha particles 
from a Po source indicate that the 
counting efficiency is near 100%. 


Electrostatic accelerator for electrons, 
W. Buechner, R. J. Van de Graaff et 
al., Rev. Sci. Instr. 18, 754-766 (1947). 
These generators are rated at 2 Mev 
but, by using sulfur hexafluoride as the 
insulator and increasing the length of 
the tank and insulating column, a 
potential of 5.6 Mev was obtained. 
Design and operation are described 
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Scintillation counter for the detection 
of alpha particles, R. Sherr, Rev. Sci. 


Instr. 18, 767-770 (1947). Alpha par- 
ticles falling on a phosphor, ZnS:Ag 
(a silver activated zinc sulfide), produce 
scintillations, which are detected by a 
photomultiplier tube. Headphones are 
used to detect individual particles, 
distinguishing them from dark current 
which registers as a steady hiss. For 
higher counting rates, a microammeter 
is used with a series inductance. This 
increases the effect of pulses by a large 
factor without increasing the effect of 
the dark current. 


Acceleration of electrons by a resonant 
cavity, F. Hereford, J. Applied Phys. 
18, 956-960 (1947). A single resonant 
cavity accelerator using 75-cm waves 
accelerated electrons to 0.75 Mev in a 
single stage. The mean beam current 
during the pulse was 70 milliamps, 
average current being 17 microamps. 
By turning the beam through 180° after 
it emerged and reinjecting it, a further 
acceleration was possible. Magnetic 
analysis of the spectrum of the electrons 
produced by the double-stage accelera- 
tions showed a variation from 0.30- 
1.25 Mev. A multiple reversal of the 
beam, using large magnetic fields for the 
purpose, is suggested. 


Design of an air-core synchrotron, J. 
Blewett, J. Applied Phys., 18, 976-982 
(1947). An investigation of the cur- 
rents and power dissipation involved in 
the use of air-core coils to produce 
guide-fields and changing flux for a 
synchrotron shows that they are 
economically feasible and present cer- 
tain advantages. They are not limited 
by the saturation properties of iron; 
they do not introduce random local 
inhomogeneities caused by defects in 
iron; and they do not necessitate a 
large expensive iron structure (pole 
pieces and yoke). 


+ «+ » HAROLD BROWN 
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BOOKS 


ELEMENTARY NucLeAR Tueory, H. A. 
Bethe, John Wiley & Sons, Inc., New 
York, 1947, 147 p., $2.50. Reviewed by 
Harold Brown, Pupin Physics Labora- 
tories, Columbia University, New York. 


To the serious student of nuclear 
physics, the series of articles in the 
Reviews of Modern Physics* written by 
Dr. Bethe has for ten years been the 
obvious place to look for the answer to 
almost any question about the theoreti- 
eal aspects of the subject. Now the 
beginner in nuclear theory can be intro- 
duced to the field without being fright- 
ened away by the completeness of 

3ethe’s earlier work. 

The book begins with a phenomeno- 
logical exposition of the experimental 
facts upon which any nuclear theory 
must be based. This is a condensed 
and up-to-date version of the treatment 
in the review articles. The next sec- 
tion, to which most of the work is de- 
voted, is that on nuclear forces, which 
is, as Bethe points out, the fundamental 
problem of nuclear theory. This prob- 
lem, as anyone who has tried to under- 
stand it will realize, has so many 
ramifications that any presentation of it 
must seem a little bit confused. I think 
that, so far as is possible, Bethe has 
avoided this confusion in “‘ Elementary 
Nuclear Theory.” 

He investigates the ground state of 
the deuteron, the scattering of neutrons 
on free protons and on those bound in 
molecules, and the photodisintegration 
of the deuteron, and concludes that 
these phenomena, along with some 
others involving neutrons and protons, 
can be explained quantitatively by the 


* Revs. Mod. Phys. 8, 82-229 (1936) ; 9, 69-224 
(1937); and 9, 245-390 (1937). 
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binding energies of the singlet and 
triplet states of the deuteron (together 
with some simple, though not as yet 
fully justified, assumptions regarding 
the interactions between nucleons). It 
is comforting to realize that there is a 
class of nuclear phenomena which can 
be quantitatively explained by existent 
theory, especially when one looks out 
over the vast sea of nuclear phenomena 
of which we have at best a most shadowy 
understanding! Bethe nevertheless in- 
dicates, at least implicitly, that we are 
still to realize a theory which will ex- 
plain the assumptions in the present 
one (the nature of the nuclear forces) 

There follows a short exposition of 
non-central interactions between nu- 
cleons and their effect on the phenomena 
already mentioned, together with a 
discussion of the resultant quadrupole 
moment of the deuteron. The various 
types of force involving exchange of 
spins or positions are enumerated and 
the relation to saturation described. 
The book concludes with chapters on 
beta disintegration and nuclear reac- 
tions in heavier nuclei, after a somewhat 
sketchy outline of meson theories. 

The treatment throughout is kept on 
a high level by consistent use of quan- 
tum mechanics wherever the application 
is sufficiently direct to permit it 
However, in general, Bethe assumes 
only a general knowledge of quantum 
mechanical principles, and includes der- 
ivations of any of its methods which 
the average student is not likely to have 
encountered. An unfortunate omission 
is the derivation of the Born theory of 
scattering, whose result is given on p. 
39 of the book; this is especially so since 
Mott and Massey’s excellent treatment 
is not now generally available. Omis- 
sion of other derivations is probably 
justified on the basis of saving space 
(e.g., cross section for gamma-ray ab- 
sorbtion, p. 56), but the scattering 
formula is so fundamental that it would 
have been a particularly good idea to 
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include its derivation in order to clarify 
its meaning. 

The Breit-Wigner formula is nearly 
derived, but the steps are separated by 
so much other material that the result 
is confusing. The derivation, however, 
is a good one, much simpler than that in 
the Reviews articles. 

In the reviewer's opinion, Bethe does 
not tell the whole story when he in- 
cludes beta disintegration under the 
heading of ‘“‘topics not related to 
a description which 


nuclear forces,’ 
states a conclusion concerning what is 
as yet an unsettled problem. For in- 
stance, if any of the meson theories turns 
out to have any validity, beta disinte- 
gration and nuclear forces must be 
explained by the same mechanism 
which relates them). 

These are, however, the usual per- 


sonal criticisms of a reviewer. What 
is important is that this book is probably 
the best (at the present time) single and 
reasonably unified study of the prob- 
lems of nuclear physics. Especially 
commendable is the inclusion at 
numerous points of comparisons of the 
experimental results with the theory, or, 
as often, an explanation of how the 
theory is worked out and adjusted on 
the basis of the experimental results 
This quality will appeal particularly to 
experimental nuclear physicists who 
want to know which experiments 
need most to be performed or re 
peated more accurately. ‘“ Elemen- 
tary Nuclear Theory”’ is bound to find 
wide use both as a textbook for use in 
graduate courses and by “working 
physicists’? who want an introduction 
to the subject. 








It is to our national interest to make a maximum effort to 
restore the conditions of free international cooperation among 
scientists which existed before parts of the world came under 


totalitarian domination ... 


Our present research and development program is unbal- 


anced in these three respects: 


We are devoting too small a proportion of our total resources 


to basic research; 


We are devoting too small a proportion of our total research 
and development resources to health and medicine; 

We are devoting too small a proportion of our development 
resources to non-military ends .. . 

Research, while carried out by individuals, has always been 
a cooperative venture. Scientists have exchanged information 
and collaborated with each other in the performance of re- 
search; and science progresses characteristically through a 
combination of knowledge from many different sources. 


From ‘‘A Report to the President”’ by John R. Steelman, 
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August 27, 1947 
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